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...loday! 


Biutnieie engineering laboratories are 
busy keeping pace with the tremendous 
number of new wartime tube develop- 
ments. RAYTHEON engineers are doing this 
and more — giving RayTHEON tubes that 
*Plus-Extra” that set manufacturers and 
dealer servicemen have always known 
throughout the years; that “Plus-Extra” 
put into every design and each step of the 
manufacturing processes. It is just that 
extra performance quality, built into 
RayTHEONS, that assures their leadership 


in the new post-war era of electronics. 


When we can again return to the peace- 
time American system of free enterprise, 
the RayTHEON jobber, dealer and service- 
man will have the additional advantage of 
RAYTHEON’S wartime engineering devel- 
opment and production of electronic tubes 
for the great number of new applications. 
Raytheon Production Corporation 


Newton, Massachusetts; Los Angeles, 
New York, Chicago, Atlanta 
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FOR RADIO MEN 
IN THE SERVICE! 


As you know, the Hallicrafters 
make a wide range of Radio 
Communications equipment, in- 
cluding the SCR-299 Mobile 
Communications unit. We are 
7 ud of our handiwork, proud of 
the job you men have been doing 


RADIO} * 


“WRITE A LETTER 


with them on every battlefront 


RULES FOR THE CONTEST 


We want letters telling of actual 
experiences with this equipment. 
We will give $100.00 for the 
best such letter received during 
each of the five months of No- 


sp 


vember, December, January, 
February and March! (Deadline: 
Midnight, the last day of each 
month.) 


We will send $1.00 for every 
serious letter received so even if 
you should not win a big prize 
your time will not be in vain. 

Your letter will be our prop- 
erty, of course, and we have 
the right to reproduce it ina 
Hallicrafters advertisement. 

Good luck and write as many 


letters as you wish. V- Mail letters 
will do. 


lw J. \Yo Boe 


BUY MORE BONDS! 


the Lalhcrafte rS co. 


CMICAGO, U.S.A. 


. 2611 


1944 


INDIANA AVENUE 
MAKERS OF THE FAMOUS SCR-299 COMMUNICATIONS TRUCK, 


JANUARY, 


CHICAGO, U.S.A. 
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The rermy 2 SCR-299 

Communications Unit! 

A; beachheads and command posts are established, the SCR-299 
built by Hallicrafters speeds ashore and immediately starts operation in voice and code, while 
stationary or speeding through woods and along rough roads under enemy fire. 

Today these Giants of Military Radio are repeating this tough job, with the Allied Nations, on all 


the battlefronts of the world. Whether directing the fire of battle wagons lying offshore or the con- 


centration of Allied land forces’ fire on a strategic hill, the SCR-299 ‘‘gets the information through!" 


HALLICRAFTERS HAS THE HONOR OF BEING 
THE 1ST EXCLUSIVE RADIO MANUFACTURER 
TO RECEIVE THE ARMY-NAVY PRODUCTION 
AWARD FOR THE 3RD TIME! THE WORLD'S 

LARGEST EXCLUSIVE MANUFACTURER OF SHORT 2 

WAVE RADIO COMMUNICATIONS EQUIPMENT ra | icra 2 


BUY MORE BONDS! 
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WALKING ZOMBIES 


* If the small number of people we recently ques- 
tioned on the subject of their post-war desires repre- 
sents a good cross-section of national thought, then 
the broadcast-receiver manufacturers may be in for a 
rude jolt. These people are definitely thinking of dream 
models, and if the dream fails to materialize the in- 
dustry may face a buyer’s strike. 

An interesting, though disheartening, aspect of the 
situation is that the people with whom we discussed 
the matter, have no such expectations from the auto- 
motive industry. Good publicity has promoted the con- 
viction that it will be some time before post-war cars 
assume the delightful characteristics of a mechanical 
dream, with the result that people are resigned to the 
fact that post-war cars for some time to come will be 
approximations of pre-war models. But there is no 
such conviction with regard to radios, for the simple 
reason that there has been too much talk about the 
wonders that will be incorporated in future sets and 
very little talk outside the industry as to when these 
wonders may be expected. 

The National Association of Manufacturers has 
estimated that there will be a potential post-war market 
for 20 million radio receivers. This is a reasonable 
estimate, provided the public shows a willingness to 
accept pre-war designs. If our little survey is any 
criterion, the public won’t. At least, not if they deduce 
that dream models will be forthcoming in a year or 


two. In that event the old radio, patched up, will do . 


very nicely until such time as the radio industry makes 
good on its promises. . 

We believe the industry should do one of two 
things; either parallel the course taken by the auto- 
motive people and make it clear to the consumer that 
the dream held out is a distant one, or prepare to 
offer a reasonable facsimile of a dream model from 
the word go. Otherwise the industry may see a dream 
walking—in the wrong direction. 


MILITARY SURPLUS 


* Our editorial titled “Competition”, in the November 
issue, brought forth a number of letters, both pro and 
con. Of particular interest is a letter from McMurdo 
Silver, Vice-President of The Grenby Manufacturing 
Co. Mr. Silver is of the opinion that the dumping of 
surplus radio-electronic equipment, no matter how ac- 
complished, will damage the future prospects of the 
entire industry. It is his conclusion that it might be 
far better in the long run to scrap the equipment. His 
expression is well summed up in the following 
paragraph taken from his letter: 

“Awful as is the thought of total destruction, it 
may be the best answer. The cost in material and 
man-hours of this potential military surplus is already 
on our tax bill—and on the tax bill of our children’s 
children. If we could significantly reduce this burden 
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by dumping, that would be wise. But past experience 
is that dumping will yield only the tiniest fraction of 
the original cost—maybe not enough to leave any net 
cash salvage after handling and selling costs to the 
government, But the tax bill must be paid if we are 
to escape ruin as a nation. If the price of dumping is 
to even partially reduce new production, to reduce 
continuing employment, to diminish individual pur- 
chasing power and hence to reduce taxable income, is 
it not better to destroy the past to preserve the future?” 

We have since learned that the Government is 
giving the problem serious consideration, and that a 
bill will be introduced in the Senate proposing that 
the disposal of military surplus be administered by 
industry. In that case, each industry would be in a 
position to protect its own interests. 


POST-WAR JOBS 


* Outstanding experts in manufacturing, marketing, 
sales, finance, management and engineering have or- 
ganized to make available to American business during 
1944 the latest practical knowledge needed to help 
them effect an expansion of post-war production and 
employment to unprecedented peacetime levels, it was 
recently announced by Marion B. Folsom, Chairman 
of the Field Development Division of the Committee 
for Economic Development. Eleven Action and Ad- 
visory Committees will make this knowledge freely 
available to all American businessmen in publications 
and by direct consultation through the 1100 com- 
munity committees of CED now at work in all 48 
states. 

“The most pressing job of the CED in 1943,” said 
C. Scott Fletcher, Director of the Field Development 
Division, “was to organize businessmen at the com- 
munity level to study conditions in their own businesses 
and to take responsibility for devising bold plans for 
reducing post-war unemployment to the bedrock mini- 
mum. On New Year’s Day, 1943, we had exactly three 
pins in our organizational map. Today we have more 
than 1300 representing regional, state, district and 
community committees, and more are being inserted 
every week. 

“In 1944 the CED’s most urgent task will be to 
make available to the nation’s 2,000,000 business en- 
ployers the best American managerial science, imagin- 
ation and know-how, in such practical form that it 
can be applied effectively to their own post-war plan- 
ning problems, Our Research Division advises us that 
55,000,000 post-war civilian jobs in business, agri- 
culture and government, producing 142 billion dollars 
of goods and services is a reasonable and achievable 
goal to aim at. Compare that with 46,000,000 and 97 
billion in 1940—our banner peacetime year hitherto— 
and one can appreciate the size of the job which con- 
fronts America in the post-war period. Business 1s 
determined to make its contribution to meeting this 
challenge.” 
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For many years “Guthman & Co. was especially known for manu- 
facturing better coi cam reaf®r demands upon our facilities...U. S. Army and 
Navy orders for many d © parts\ . expansion of our plant... the addition of 
many new manufacturing ammmmmnents. A\ll maNwfacturing and assembling of these many 

units was done in our OWfe D etely equipped plant. Thus, our engineers and skilled 


personnel gaine roader experience in modern radionics. Now, we are 


Sera 


concentrating all this technical experiencddp the engineering and 


production of Guthman Super-Improvell | 


Coils... promised leaders in peace- 


time radionics. 
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as 
your needs faster from 
this one central source 


Time and again, Allied has saved the day 
with “rush delivery” . . . right from stock. 
That’s because we carry the world’s larg- 
est stock under one roof. Over 10,000 
electronic and radio items ... ready for 
the Armed Forces, Government, Indus- 
try. Furthermore, our close contact with 
all leading manufacturers enables us to 
simplify and expedite a// your purchases. 
Our veteran staff does the entire procure- 
ment job for you. You deal with one cen- 
tral source... instead of many. You send 
one order .. . for everything... whether 
it’s an emergency or not... save time and 
worry ... call Allied first! Write, Wire or 
Phone Haymarket 6800. 


ALLIED RADIO CORP. 
833 W. Jackson, Dept. 14-A-4,Chicago 7, U.S.A. 
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Send for today’ 
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All these well known makes—and MORE! 


RCA General Electric Belden 
Raytheon Cornell-Dubilier Meissner 
Hickok Sprague Amphenol 
Triplett Aerovox Shure 
Supreme Hollicrafters Astatic 
Mallory Hemmarlund Amperite 
Ohmite £. F. Johnson Jensen 
mc Cutter-Hammer Utah 
Centrolab Hart & Hegeman Janette 
Burgess Littlefuse Sangame 
Knight Stancor Dumont 
Biiley Therdarson Bussman 
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ELECTRON MICRO-ANALYZER 


* An instrument which will enable the 
identification of the chemical elements 
in ultra-microscopic particles no larger 
than 1/100,000th of an inch in diameter 
has been developed experimentally by 
Dr. James Hillier of RCA Laboratories 
and is described in a letter published 
in the November 15th, 1943, issue of 
the Physical Review. 

In operation, the micro-analyzer uses 
an “electron needle” to knock loose 
other electrons in their parent atoms 
in the specimen, measures the amount 








Dr. Hillier (left) and Dr. V. K, Zwory- 

kin, Associate Research Director, RCA 

Laboratories, with an experimental model 
of the electron micro-analyzer 


of energy lost by the incident electrons 
in the process, and thereby reveals the 
specimen’s chemical content. 
According to Dr. Hillier, the elec- 
trons of the “needle” that strike the 
selected area of the specimen are all 
moving with the same velocity, say 50,- 
000 volts. After they have passed 
through the specimen area, those elec- 


| trons which have struck atoms are 


| traveling with less velocity. Because 
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| the energy loss suffered by the speed- 


ing electron is different for each chemi- 
cal element, it is possible, by measuring 
the energy loss, to determine the kind 
of atom which has been struck. An 
energy loss of 298 volts, for example, 
indicates that a carbon atom has been 
struck; a 400-volt loss identifies the 
element as nitrogen, etc. 

An electron microscope is incorpo- 
rated as a part of the micro-analyzer. 
After a selection has been made of the 
exact portion to be analyzed, a photo- 
graphic exposure is made, showing the 
electron velocity distribution. This re 

[Continued on page 8] 
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[Continued from page 6} 









sults in a series of small marks on the 
photographic plate, each of which in 
dicates the presence of a chemical ele 
ment in the specimen. Thus, with one 
exposure, information is obtained 
which would have taken weeks of 
months to secure by present indiregt 
methods, Dr. Hillier points out. 





An incidental development made by 
Dr. Hillier in designing the micro- 
analyzer was an improvement in the 
resolving power of the electron velocity 
analyzer. In the experimental model 
of this instrument it is now possible to 
measure electron velocities to 1 part in 
4300, whereas formerly | part in 200 
was considered good. 


NEW THERMOCOUPLE STANDARD 


* The American Standards Associa 
tion has just announced approval of the 
new American war standard, Dimen- 
sions for External Radio - Frequency 
Thermocouple Converters (120 ma. to 
10 amps., inclusive), designated as 
C39.4-1943. This standard has been 
adopted for procurement purposes by 
the Signal Corps Standards Agency 
and the Radio Division, Navy Dept. 
Bureau of Ships. 

It has been estimated that this stand- § 
ard covers 90 per cent of the thermo- 
couple converters used in radio and 
electronic equipment. Designers of 
equipment should utilize this standard 
as extensively as possible to aid in se- 
curing maximum production and _ to 
simplify repairs of equipment in the 
field. 

Copies of this and other war stand- 
| ards may be obtained from the Amer- 
| ican Standards Association, 29 W. 39th 
St., New York 18, N. Y. 


VOICE-POWERED TELEPHONE 

* A sound - powered telephone oper- 
ated without batteries proved one of TH 
the most useful pieces of equipment on 
Guadalcanal, the War Department has 
been advised by Lieutenant-Colonel R. 
B. H. Rockwell, Signal Corps, who 
served as division signal officer on the 
South Pacific island. 





Power in the telephone is generated 
by the human voice. It is capable of 
| carrying its message as far as ten 
| miles under favorable conditions and 
| has a normal range of five miles under 
almost any circumstances. Commer- 
| cially developed, the sound - powered 
| telephone has been adapted to war 
| communications by the Signal Corps. 








This equipment was found particu- 
[Continued on page 10) 
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One of the things you seldom think 


about, because it is so dependable on . 


the job, is the motor that drives your 
car heater fan. 
You flip ’er on, and get prompt 
warmth. You flip ’er off, and that’s that. 
But that little motor is a husky for 


work. It starts cold, but instantly. It 


ENERAL 


NDUSTRIES 
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takes whatever neglect comes its way. 





It’s just one of those out-of-sight re- 
liables that help make the modern car 
the comfortable, satisfactory transpor- 
tation it is. And very likely that little 
motor is a “Smooth Power” model. 

But there are other jobs, equally 
exacting, these “Smooth Power” motors 
can do. We want to know about them 
now so we can, if necessary, design 
special models to serve them. 

Please let us know if you have work 
for these husky little “Smooth Power” 


motors to do. 


THE GENERAL INDUSTRIES COMPANY 
Elyria Ohio 







1 
\ 


10 





ow tiny Piezo Crystals 


do tueir part to make this 
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MANUFACTURERS OF PIEZO ELECTRIC CRYSTALS AND 


a brighter. better world? 


\ \ hen those big, long range raiders strike 
deep behind enemy lines, crystals ride along 
—doing their small, but mighty important 
job, of keeping alive the line of communica- 
tions from plane to plane, and from raider 
force to home base. 


To fulfill this responsibility, crystals 
must be perfect. Here at Scientific Radio 
Products Company we’re proud to be en- 
gaged in the important work of making per- 
fect crystals for the allied nations. That’s 
where the big share of our output goes—but 
our facilities are such that we may be able 
to serve you, too, in your efforts to bring 
destruction to the enemy — and make this 
world a better place to live. Write us. 


Scuttle Ladle Phoduita Company 


COUNCIL BLUFFS,1IA 


38 W. BROADWAY, 
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[Continued from page 8] 


larly advantageous on Guadalcanal be- 
cause of the lack of batteries, which 
have been found susceptible to deterio- 
ration from the humidity and damp. 
ness of the South Pacific. In addition, 
it is considerably smaller, more com- 


pact and durable than battery-powered! 


telephones. In size and appearance it 
similar to the handset in use in Amer. 
ican homes. Signaling is accomplished 
by whistling into the transmitter. 


VIBRATION INDICATOR 


* The design and application of a sim- 
ple instrument for checking vibration 
displacement is described in an article 
by H. M. Dimond in the December, 
1943, issue of the General Electric Re- 
View. 

The construction of the instrument 
is indicated schematically in Fig. 1, 
The small mirror is rotated by move- 
ment of the stylus, and this movement 
is magnified by the reflected light beam, 


AUTOMATIC 
SwiTcn 










LiGnT 
SOURCE 
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FOCUSING LENS 


LiGnT SPOT 
BATTERIES 
(FLASHLIGHT) 


Fig. 1. Vibration-indicator diagram 


which is projected on the calibrated 
glass screen. Rapid motion of the light 
spot thus formed causes it to appear 
as a band. The length of the band in- 
dicates the magnitude of the vibration. 
Loose bearings and couplings, and res- 
onant vibrations of attached equipment 
give distinctive indications which can 
be readily identified by an operator fa- 
miliar with the instrument. 

This device was developed by the 
Mechanical Investigation Section of 
the General Flectric Research Lab- 
oratory. 


IMPROVED AC-DC SET DESIGN 


* An improved method of eliminating 
undesired interstage coupling in ac-de 
receiver design is described in a patent 
abstract published in the December, 
1943, issue of Wireless World. Be 
[Continued on page 12] 
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There is a Johnson socket for nearly 
every transmitter requirement. For 
im § more than twenty years, Johnson En- 
ion§ gineers have been designing and 
icle§ manufacturing transmitter parts, 
er, transmitters, and equipment. They 
Re- Fate thoroughly familiar with all the 

problems of sockets themselves plus 
7 an intimate knowledge of the require. 
ve.f ments and relationship with other. 
ent § transmitter components. 


“™ t You cannot buy a better socket than | 
Johnson. Finest materials, superior 
workmanship, exclusive design, pre- 
- [cision manufacturing, skilled engi- 
neering, and quantity production all 
mean the best sockets, and usually — 
the lowest priced on the market. oo 
™ 5 Most Johnson sockets are Govern- 


pears as part of eXeiny or Navy speci- 
fications. If you are not dy do- 
ing so, you will find your sovkett 
ated bles over, if YOU specify “JOHN- 
en SON.” May we send you information 
ine Ot Samples? 
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res- 
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DONE WITH WIRE 
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Electronics, Radionics, Radio — weapons that 
help speed us to Victory. Making wire “har- 
nesses” for these magic swords is another big 
Wallace job. The production picture in itself is 
pure magic, too; because it involves improved 
techniques, discoveries and multiple engineering 
problems. Here, then, is a well of priceless 
experience ready to help you produce your own 
brand of magic— once Victory is achieved. 


Z 


General Offices: PERU, INDIANA 
Cable Assembly Division: ROCHESTER, INDIANA 
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cause the chassis must be isolated fro 
the line, objectionable feedback 
develop unless the chassis is adequate 
by-passed. But when this is done t 
line voltage is coupled to the cha 
through the by-pass capacitor, oft 
forming a charge sufficient to give 
set user a shock. 

A method frequently used in Ame 
ican receivers to reduce this effect 
to shunt the by-pass capacitor with 
high resistance, which serves to dj 
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FLOATING 
GROUND 
T 
‘= — CHASSIS GROUND y 








Fig. 2. AC-DC set circuit 


charge the capacitor but provides con 
ductive coupling between the line and 
chassis. In the improved method, illus 
trated in Fig. 2, no shunt resistor ij 
required. Instead, the objectionable 
coupling is neutralized so the by-pas ] 
capacitor may be small in value and 
the charge is consequently reduced. 

The inventors state that the larges 
leakage currents occur through stray 
capacities from the high - potential 
points of the last i-f transformer 7. 
One path is shown in dotted lines a 
LC1, which forms a circuit from the 
primary winding to the chassis throug 
C and Cl. The second path is from 
LC2, through C and C2. 

3y making these two leakage cur 
rents equal and opposite in phase, thé 
leakage current through C becomes 
zero and objectionable interstage coupl- 
ing is eliminated. This is accomplished 
by shunting a fixed capacitor C3 of 
proper value in parallel with the leak- 
age path LC1, and by suitable adjust: 
ing of the coupling and tuning of the 
two transformer windings. This patent, 
No. 553028, dated Nov. 16th, 1940, is 


[Continued on page 14) 
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* Wherever the rectifier type of tube is used, generally there’s a 
job for a relay ...a RELAY by GUARDIAN ... in secondary 
and/or primary circuits where double pole, double throw “on 
and off’’ switching is desirable. 

Typical of such a relay is the Guardian Type B-100. This dou- 
ble pole, double throw relay is equipped with silver contact 
cur points having a capacity up to 1500 watts, 60 cycle non-induc- 

, the tive A C.; and in A.C. primary circuits of any inductive power Electronic rectification, long used to convert 
comes supply delivering up to and including 1 Kw. Standard coils A.C. to D.C. power, is now coming into use to 



















couph: operate on 50-60 cycle A.C., 110 volts, consuming approxi- operate variable speed D.C. motors . . . bat- 
lished mately 8%2 VA. Coils available for other voltages. Write for tery chargers, etc. In such applications, the 
C3 of Bulletin OF-112 showing standard relay types. type B-100 relay shown above is often used. 


leak: 
djust- 


- GUARDIANWELECTRIC 


40, is 1605-P W. WALNUT STREET CHICAGO 12, ILLINOIS 


A COMPLETE LINE OF RELAYS SERVING AMERICAN WAR vametes 
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DRY AIR PUMP 


for Economical Dehydration of Air 


for filling Coaxial Cables 


This easily operated hand pump quickly and effi. 
ciently dehydrates air wherever dry air is required. 
One simple stroke of this pump gives an output of 
about 23 cubic inches. It dries about 170 cubic feet 
of free air (intermittent operation), reducing an 
average humidity of 60% to an average humidity of 
10%. The transparent main barrel comes fully 
equipped with one pound of air drying chemical. 
Inexpensive refills are available. 


The Andrew Dry Air Pump is ideal for maintaining 
moisture-free coaxial cables in addition to having a 
multitude of other applications. 


Catalog describing coaxial cables and accessories free 
on request. Write for information on ANTENNAS 
and TUNING and PHASING EQUIPMENT. 


EAST 75th $T., CHICAGO 19, ILL. 
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[Continued from page 12] 


assigned to the Philco Radio and Tele. 
vision Corporation. 


TELEVISION PROJECTION 


* New RCA developments in the ap 
plication of aspherical optics to tele 
vision projection make possible the 
economical production of projection 
type television receivers that reproduce 
images up to full theater-screen dimen- 
sions. 

According to an article by I. & 
Maloff of RCA, appearing in the Jan. 
uary, 1944, issue of Radio Age, a large 
gain in light with ample resolution and 
contrast is obtained in the projected 
image through the use of aspherical 








30 INCH MIRROR 





Fig. 3. The projection system 


lenses. These are produced by a spe- 
cial RCA process at low cost by mold- 
ing plastic, methyl methacrylate, in the 
form desired. After molding, the lens 
is extracted and the hole for the pro- 
truding cathode-ray tube is bored out. 
The lens is then ready for use, no 
polishing or finishing of any sort be- 
ing required. 

A sketch of the system, which was 
demonstrated in New York, is shown 
in Fig. 3. A 30-inch spherical mirror 
is used in conjunction with the lens. 
This mirror gathers the light em- 
anating from the tube and reflects it 
through a 2214-inch lens onto the the- 
ater screen. All the light (except for 
slight losses in the reflection and trans- 
mission) which the large mirror gath- 
ers, finds its way to the screen, and 
this accounts for the superiority of the 
new optical system over conventional 
projection lenses. 

In working with large spherical mir- 
rors, a very interesting effect is often 
observed. It is well known to op 








[Continued on page 59} 
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WH the aid of Automatic Electric relays and 

other control devices, electronic science is 
helping industry do a thousand new jobs—speeding 
new electronic ideas through the laboratory and 


putting them to practical use on the production line. 


Automatic Electric field engineers, armed with the 
technique which comes from long experience in elec- 


trical control applications, are working daily with the 


(ZIZO 


AND OTHER CONTROL DEVICES 


makers of electronic devices of every kind—offering 
time-saving suggestions for the selection of the right 
controls for each job. 


Let us pool our knowledge with yours. First step 
is to get a copy of the Automatic Electric catalog of 
control devices. Then, if you would like competent 
help in_ selecting the right combination for your 
needs, call in our field engineer, His recommenda- 


tions will save you time and money. 


Distributed by 


AUTOMATIC 
ELECTRIC 


AUTOMATIC ELECTRIC SALES CORPORATION 
1033 WEST VAN BUREN STREET CHICAGO 7, ILLINOIS 


In Canada: Automatic Electric (Canada) Limited, Toronto 


op- 
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Production Speed-Up 


ELECTRICAL TAPE SUBSTITUTE 


By ALZEOR |, BEAUNE 
General Electric Company, Cleveland Plant 


* In case it becomes impossible to get 
friction tape or rubber tape, a satis- 
factory substitute is 34-inch cotton 
tape, painted with Ajax Black Air Dty- 
ing Varnish made by the Sherwin- 
Williams Company. 

After submersion in oil for 48 hours, 
connections made with ordinary fric- 
tion tape became loose, gummy and sat- 
urated, while those made with the sub- 
stitute as described above remained 
firm and hard. 

It has also been found that cotton 
tape, painted with G. E. Glyptal var- 
nish, makes very satisfactory connec- 
tions. However, this varnish takes 
longer to dry than the Ajax type so 
connections cannot be pulled through 
conduit or be otherwise handled as 
quickly as when the Ajax varnish is 
employed. The latter has successfully 
withstood tests up to 440 volts. 


THERMAL SHOCK ABSORBER 
By R. G. MIDDLETON 
Templetone Radio Co. 
* Heat conduction from the soldering 
iron often ruins delicate radio compo- 
nents when the soldering operations are 
performed by unskilled personnel, as is 


CAPACITOR OR 
RESISTOR 


PLACE THERMAL SHOCK ABSORBER 
HERE WHILE SOLDERING 
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so often the case these days. This 1s 
especially the case when precision re- 
sistors, copper-oxide rectifiers and 
small capacitors are being soldered. 

The thermal shock absorber practi- 
cally eliminates rejects due to this 
cause. When this device is clamped 
on the lead, the heat from the iron is 
dissipated by the thermal shock ab- 
sorber rather than by the item being 
soldered. 


TRANSFORMER LID JIG 


By D. SMITH 

RCA Manufacturing Co., Inc., Camden Plant 
* This suggestion refers to a jig to 
hold hermetically sealed transformer 
can lids. The fixture is designed to 
construct two cover assemblies at one 
time. 

Corprene washers are assembled over 
the studs, which are placed in their re- 
spective holes and the metal covers are 
mounted over the blocks on each side 
of the fixture. This operation is per- 
formed while the locating plate is 
pushed back to allow the operator 
more room. The operator assembles 
a large washer, bushing, and a small 
washer, respectively, on each of the 
eight extending studs. The locating 
plate is then moved down into position 
and terminals and lockwashers are as- 
sembled on top of the small washers. 
The operator inserts a nut into the end 
of an air-gun, which is suspended di- 
rectly over the fixture, and tightens the 
assembly. When the locating plate is 
swung back, it automatically ejects the 
two complete assemblies. 

The ejector feature is necessary be- 
cause the air-gun tightens the as- 
sembly enough to cause the washers 
below the cover to expand and press 
against the side walls of the holes. 
When the locating plate is pushed back 
it automatically moves the ejectors up- 
ward, catching each end of the cover, 
thus ejecting them. A steel clamp has 
been added to the fixture to hold the 
locating plate in place, as the air-gun 
vibrates enough to force the plate up- 
ward, leaving the terminals in position. 

A drawing (Suggestion Serial No. 
409) showing the design of this jig 
may be obtained from the War Produc- 
tion Board, War Production Drive 
Headquarters. 
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SPECIAL RADIO PLIERS 


By JAMES DOUGHERTY 
RCA-Victor Div., RCA, Camden Plant 





* It is suggested that standard pliers 
be modified as shown so that loose con- 





tacts on switch wafers may be tightened 
without damage to the wafers. Nor- 
mally about 15 per cent of these wafers 
are not usable because of loose con- 
tacts, often caused by rough handling 
in transit. When this tool is properly 
adjusted contacts may be _ tightened 
without injuring the wafer. 

Results: Practically eliminates re- 
jects. 


PRODUCTION TEST JIG 


By R. GC. MIDDLETON 
Templetone Radio Co. 


In designing test equipment for a 
certain job, the problem arose of speed- 
ing up testing on a nine-cord unit; that 
is, nine telephone jacks spaced on one- 
inch centers. The first thought was to 
gang the nine plugs in one jig, which 
would enable the nine tests to be per- 
formed in a single operation. This 
failed because the force required to re- 


[Continued on page 59] 
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Can a Vibrator Power Supply 
KReseue a Boat-Load of Men? 


No... it can’t! But it can help—and the rescue 
might be prevented and the boat lost forever, if 
just one vibrator power supply failed to do its job. 


@ The compact radio transmitter that is standard equip- 
ment in many lifeboats depends on a vibrator power 
supply ... The patrol plane that picks up the SOS... 
spots the drifting boat, and summons surface ships with 
its own powerful transmitter, has a complex electrical 
system that includes many vibrator power supplies. And 


LABORATORIES, INC. 


INDIANAPOLIS 
E-L €vEctRICAL PRODUCTS — Vibrator Power 
Supplies for Communications . . . Lighting . . . Electric 
Motor Operation . . . Electric, Electronic and other 
Equipment . . . on Land, Sea or in the Air. 





in the rescue ship itself are still other vibrator power 
supplies performing vital functions. 

The dependability of E+ Vibrator Power Supplies 
under all climatic conditions — their amazing adapta- 
bility in meeting specific current requirements — have 
brought them into wide use for radio, lighting, commu- 
nications and motor operation—on land, sea and air. 

Klectronic’s engineers have specialized for years in the 
technique of vibrator power supplies. They have con- 
ducted the most extensive research ever known on power 
supply circuits. They have extended the practical appli- 
cation of vibrator-type power supplies far beyond pre- 
vious conceptions. 

In the electronic era of peace to come, the 
efficiency and economy of E*L Vibrator 
Power Supplies will find new applications 
wherever electric current must be changed, 
in voltage, frequency or type. 


For Operating Radio Transmitters 
in Lifeboats — E-L Model S-1229-B 
Power Supply. Input Voltage, 12 Volts 
DC; Output Voltage, 500 Volts DC; 
Output Current, 175 MA; Dimen- 
sions, 714” x 514” x 614”. 





Formica MF—Glass Mat Base—Is a Hig 
Frequency Insulating Material That Ca 


Replace Ceramics for Many Uses 


One of the recent developments of accelerate 
research in the Formica laboratories — Grade MF 
has qualities of the greatest usefulness to t 
electronic designer. 


As an insulating material it permits only minimun 
losses at high frequencies. 


It has mechanical strength to stand extreme co 
ditions of vibration and stress in antenna insule 
tors, coil forms, tube bases. 


Its efficiency is little affected by moisture absorp 
tion. Cold flow is less than for the best previo 
grades of laminated plastics. It is readily machinee 
and therefore handled at low costs in productio 


“The Formica Story” is a sound-moving pictu 


showing the qualities of Formica, how it is mae 
how it is used. It is available for meetings. 


INSULATION COMPAN 


4670 SPRING GROVE AVE., CINCINNATI 32, OHI 
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Qrricrat government figures disclose 
that our war cost had reached 289 million 
dollars a day by mid-year, 1943, and the cost 
has been over 7 billion dollars a month 
ever since. 

As manufacturers of communications and 
aircraft material on which human lives often 
depend, we know of one heartening reason 
for this tremendous cost: Uncle Sam will 
not compromise with quality at the expense 
of our fighting men. They are getting the 
finest, most dependable equipment any 
army ever had. And that saves lives. 

Is it any wonder we are being asked to dig 
down and buy War Bonds until it hurts? 
And isn’t it well worth it, knowing that 
our sacrifice is maintaining quality as well 
as quantity of weapons? Our people here 
at Connecticut Telephone and Electric Div- 
ision think so... they are 100% pledged 
to regular payroll deductions for War 
Bonds, on an average of 15% of their 
incomes. 






ERICAN 


J CONNECTICUT 


TELEPHONE & ELECTRIC DIVISION 


MERIDEN, CONNECTICUT 
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This Year Americans Are Celebrating 
George Washington’s Birthday by Buying One 
of His Portraits ...on a War Bond. 


ensen 


JENSEN RADIO MANUFACTURING COMPANY 
6601.S. LARAMIE AVE., CHICAGO 38, U. 











JANUARY, 1944 * [RADIONRE 


A WIDE-RANGE LOGARITHMIC 


D-C Amplifier 


* It is often desirable to be able to 
read a wide range of d-c or a-c volt- 
ages or currents, without having to 
switch to an appropriate scale. This 
article describes a type of d-c amplifier, 
suitable for measurement purposes, 
which eliminates the need for range se- 
lection over a voltage ratio of 1000 
to 1. 

Ordinary meters do not function 
with greatest accuracy over a range 
much in excess of 10 db (or about 3 
to 1); that is, if the full-scale reading 
is, say, 1 ampere, they will not indicate 
with utmost accuracy currents less than 
0.3 ampere on the same scale. Meters 
with “square-law” scales are still 
poorer in this respect. Yet the audio 
current in a speaker, for instance, may 
vary in a ratio of 1000 to 1 during its 
normal operation or, in other words, 
the speaker may respond audibly, and 
without overload, to currents within a 
60-db range, or more. The same is 


Fig. 1. Fundamental circuit 
of d-c amplifier stage 


PAUL SELGIN 


Polytechnic Institute of Brooklyn 


Design Data Covering an Experimental D-C Amplifier, 
Suitable for Measurement Purposes, Which Has 
a Logarithmic Response Characteristic 


true of the ear with respect to sound 
pressures, or of an amplifier with re- 
spect to signal voltages. Thus these 
ranges are far beyond the practical 
limits of a single-range meter. 


Range Selection 


This shortcoming of meters is 
usually overcome by range selection. 
This is essentially a switching opera- 
tion which reduces the sensitivity of 
the meter by steps; in this way the use- 
ful db range of the meter is multiplied 
by the number of steps (unless there is 


| 


Fig. 2. Grid voltage-plate 
current characteristic 


some overlapping, as is usually the 
case). The sensitivity of the meter is 
reduced by adding shunts or multi- 
pliers, or combinations thereof, depend- 
ing on the type of meter. 

Range selection has the following 
disadvantages, which may be serious 
in some applications: 
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BRIDGE 
ARRANGEMENT 
FOR READING 
DIFFERENCE 


Ty tg ey 
A 
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Fig. 3. A differential amplifier stage 


1. It requires multiple switches 
which, sooner or later, cause trouble 
when subjected to constant use. 

2. It changes the impedance of the 
meter circuit, with the result that, no 
matter how accurate the calibration, 
different readings are obtained on dif- 
ferent scales. This is annoying even if 
the error involved is not important. 

3. It exposes the meter to overload 
if the correct range is not selected. 

4. It makes necessary a number of 
scales on the same dial or worse, it 
forces the operator to perform mental 
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Fig. 4. Differential plate- 


current curves resulting 
from the circuit of Fig. 3 


calculations which take his mind off 
more important matters. 

5. It does not respond instantane- 
ously, hence is useless when the read- 
ings are rapidly variable, and particu- 
larly for recording purposes. 


The Logarithmic Scale 

The disadvantages of range selection 
have led to considerable research in 
the hope of finding a suitable substi- 
tute. Evidently some device is needed 
which will automatically adjust the 
sensitivity of the meter according to 
the value of the voltage or current to 
be measured. An ideal would 
perform this operation continuously, 
causing the sensitivity to be inversely 
proportional to the input current or 
voltage value. Mathematically, if D is 
the scale reading (number of divisions, 
assuming a uniform scale) and / is the 
input, the sensitivity is 


device 


dD 


dl 





We have to express S as a derivative 
because D and / do not vary propor- 
tionally, just as the velocity is ex- 
pressed as a derivative when time and 
distance covered are not proportional. 
Now if S is to be inversely propor- 
tional to J, we have 


dD 
Si re 4 
dl 


where K is a constant. We have writ- 


ten the differential equation 


dl 
dD = K — 
I 
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which can be integrated by inspection, 
giving 

D=K log! + K' 
K* is the reading for zero input. Mak- 
ing this coincide with the zero of the 
scale, letting D, stand for the full scale 





Fig. 5. The differential current 


plotted against a linear scale 


reading (total number of scale di- 
visions) and J; for the full scale input, 
the above becomes : 

D log J 


D; - log I; 


It appears that this ideal meter would 
have a logarithmic scale, similar in 
every way to a slide-rule scale. On 
this scale, db readings would be uni- 
formly spaced. It is a matter of com- 
mon knowledge that the percent error 
in reading a logarithmic scale is con- 
stant, whereas on a linear scale it is 
higher near the low end. 


Several logarithmic scale meters 
have been made: some of them have 
been extremely successful; however, 


the more successful ones minimize, but 
do not exclude the need for range se- 


Fig. 7. In 


(A), below, a multi-stage version of Fig, 3 
is shown. The current curves are plotted in (B), at left 
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wide range (over some 30 db) haye s 
failed. Secondly, it has been consi¢. ts 
ered undesirable to “crowd” more thay “ 
40 db into a meter scale. The second A 
difficulty makes it imperative occasion. oe 
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Fig. 6. Resulting differential to be 
current curve when plotted writ 
against a logarithmic scale . 

whic 

response will not do, because two sep 20W 
arate scales would have to be provided bette 
There have been other difficulties, of perh 
course, chiefly because experimentere Whi 
(including the writer, in an early at used 
tempt) tried to obtain the desired feagl 4°! 


ture by amplifying the a-c input to be 
measured through a special type of 
“variable gain” a-c amplifier. This is 
indeed a difficult assignment, because 
the amplifier gain, although variable 
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with the input amplitude, must be con- 
stant with frequency. 


Design Requirements 

In the opinion of the writer, a very 
satisfactory all-purpose measuring in- 
strument may be obtained by combining 
the following: 

1. A rectifier of the “probe” type, 
designed for operation up to several 
hundred megacycles and converting 
the a-c voltage to be measured 
(whether a.f., r.f. or u.h.f.) into a d-c 
voltage in the probe rectifier, the lead 
from the probe to the meter carrying 
d-c only. This is a common feature of 
many vacuum tube voltmeters. 

2. A “wide-range” d-c amplifier. 
The gain of such an amplifier varies 
in the number of steps, so that the out- 
put is approximately proportional to 
the log of the input. How such a unit 
may be designed will be shown pres- 
ently. 

3. A rugged d-c meter with a scale 
6 inches long, or preferably longer, or 
a recording instrument. Meters wound 
on a differential principle would seem 
to be particularly suitable, although the 
writer has not been able to obtain one 
for experimental purposes. 

A type of “wide-range” amplifier, 
which has been found satisfactory, will 
now be described. Other equivalent or 
better types might undoubtedly be, or 
perhaps already have been developed 
While this instrument has not been 
used with the recommended probe for 
a-c measurements, it is adapted to this 


SCALE DIVISIONS 


Fig. 10. The meter scale for 
the experimental d-c amplifier 





Fig. 9. Deflection vs, input volt- 
age curve for the circuit of Fig. 8 
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Fig, 8. Complete circuit of experimental d-c amplifier 
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use, though the calibration will be dif- 
ferent from that required when d-c 
voltages are being checked. 

The principle of the suggested wide- 
band d-c amplifier will be made clear 
by the circuit of Fig. 1 and the diagram 
(Fig. 2). 

The circuit includes a triode (type 
6F8-G has been found satisfactory for 
the purpose) with plate load and cath- 
ode bias resistors. Also, the grid volt- 
age is received through a series resis- 
tor of 1 meg. or higher. 

Suppose the applied voltage varies 
between a large negative and a large 
positive value. At first, no plate cur- 
rent will flow; when the grid bias 
equals cut-off current will start to flow, 
and from that point on an increase of 
plate current will follow each increase 
of grid voltage until the grid becomes 
positive with respect to the cathode. 
At this point grid current will begin 
to flow, and this will promptly nullify 
any further increase of the applied 
voltage because of the large drop in 
the grid leak. Hence the overall plate 
current-applied voltage characteristic 
will be roughly that of Fig. 2. We may 
assume the rising part of this charac- 
teristic to be straight, although this 
is not exactly true. 

In principle, the key to the problem 
is found in the shape of this charac- 
teristic. We have a stage which re- 
sponds only over a range of the input. 
By placing many such stages in paral- 
lel, letting each receive a suitable frac- 
tion of the input (1/10, 1/100, etc.) 
and surmounting a number of difficul- 
ties the problem could be solved. How- 
ever, a much more elegant solution re- 
sults if we resort to the differential 
stage of Fig. 3. 


The Differential Unit 
Fig. 3 represents two stages like that 
of Fig. 1, coupled in cascade. 
The tap on the plate resistor of stage 
1 (this resistor is, in practice, a wire- 
wound potentiometer) can be adjusted 
until the currents at points A and B 
are equal when the applied voltage is 
zero. The difference between the two 
currents may be read by the bridge ar- 
[Continued on page 52] 
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HERMETIC SEALING OF 


Capacitors and Transformers 


* The advent of war has brought 
about a great change in the construc- 
tion of both capacitor and transformer 
casings. The primary cause for this 
change is the fact that the Armed 
Forces find themselves in all parts of 
the world. Their radio and electronic 
equipment must maintain satisfactory 
operation in a wide range of tempera- 
tures and unusual climatic conditions. 
It is not at all uncommon for a given 
type of equipment to be found on 
shipboard, in desert country, in sub- 
tropical regions, or in the arctic. 

Unless special care is exercised in 
the design of capacitors and trans- 
formers the life of these components 
is short when subjected to the ravages 
of temperature and humidity. When 
salt spray is present, as encountered 
in marine installations, the deteriora- 
tion is even greater and more rapid. 
In subtropical regions where high 
temperature as well as high humidity 
prevail, fungus growths add to the pos- 
sibility of failure. 


Why Failures Occur 


Failure of these components fre- 


RIVET OR SCREW 


CRACKS 





SEALING 
COMPOUND COMPONENT 


CASE 


BAKELITE (PLASTIC) BUSHING 





Fig. 1. Close fitting plastic assembly 
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ROGER .W. STAMM 


Hazeltine Electronics Corporation 





Methods of Designing Satisfactory Hermetic Seakg *" 
For Use Under Rigorous Climatic Condition§ °" 


quently comes, first, from a breakdown 
of the insulating material between the 
leads or terminals of windings, or of 
the electrodes of the capacitor, or be- 
tween the leads and the case (normally 
at ground potential). The case and 
insulating materials have different 
rates of expansion with temperature; 
the insulating material may be hygro- 
scopic. These two conditions are suffi- 
cient to permit inclusion of humidity 
and/or salt-laden air into the interior 
of the device as “breathing” takes 
place with variation of temperature. 
Paper and cardboard containers offer 
no resistance to the destructive attack 
of the elements, and metal housings 
of conventional commercial design 
practice filled with potting compound 
do not offer sufficient protection. 
Partial duplication of the actual cli- 
matic conditions to which these de- 
vices are subjected is possible in test 
chambers especially equipped to pro- 
vide various combinations of tempera- 
ture and relative humidity. This could 
prove to be a time-consuming proced- 
ure; hence, to accelerate the investiga- 
tion of components proposed for ma- 
rine service a standard test procedure 
has been evolved. This consists of a 
series of salt water immersion cycles. 
A test transformer is immersed for 
2 hours in a saturated solution of 
sodium chloride at 75° C; this is fol- 
lowed immediately by immersion for 2 
hours in a similar solution at 0° C; 
after this the specimen is washed thor- 
oughly, dried, and is operated at rated 
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Fig. 2. Plastic bushing with insert 


load for 2 hours. This cycle is carried que 
out five times, after which the leakage me 
resistance between windings or fromg sal 
windings to the case shall not be less ( 
than 75 megohms. wh 

In the case of capacitors, five img out 
mersion cycles are employed consist-™ ¢ta 
ing of 2 hours at 75° C, and 2 hours} dir 
at 0° C; following this the capacitor ( 
is immersed in a saturated sodium 1) 
chloride solution at room temperature tig 
for 24 hours. After having been ass 
washed thoroughly and dried, theg wi 
leakage resistance between terminals Ex 
shall be greater than 600 megohm§ wh 
microfarads, but need not exceed 200% by 
megohms. Ac 

These routines may appear unduly bu: 
severe, but one can feel certain that bal 
any component packaged so that it will frc 
meet these requirements will haveg Cas 
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Fig. 3. Porcelain bushing with 
gaskets and sealing compound 


more than a fair chance of rendering 
satisfactory service in actual use. 


Precautions in Sealing 


The direct solution to this problem 
is to seal hermetically the transformer 
or capacitor into a metal container. 
This solution is a satisfactory one ex- 
cept for the difficulty of creating an 
effective seal for the insulating bush- 
ings necessary for bringing out the 
terminal leads from the enclosed com- 
ponent. The metal housing is of drawn 
or welded sheet metal construction. 
Care must be taken to have all seams 
in the metal thoroughly filled with 
solder. All mounting studs must be 
mechanically secure, and must be 
sealed with solder. In no case should 
the solder be relied upon for mechan- 
ical strength; it is to be used as a 
sealing agent. Either the metal hous- 
ing must be capable of resisting cor- 
rosion or it must be protected by an 
electrolytically deposited coating of 
any one of the corrosion-resisting 
metals. Cadmium-plated steel is fre- 
quently used, for it meets the require- 
ments of withstanding 200 hours of 
salt spray without corrosion. 

Creation of a tight seal at the point 
where a terminal lead is to be brought 
out is a much more difficult task. Sev- 
eral attacks have been made in this 
direction. 

Close fitting bakelite bushings (Fig. 
1) have been riveted or held together 
tightly with nuts and screws. Before 
assembly all joining faces were coated 
with a resinous sealing compound. 
Excess resin was removed and the 
whole assembly allowed to cure, either 
by natural “drying” or by heating. 
Accelerated life tests on this type of 
bushing disclosed a tendency of the 
bakelite to delaminate or to pull away 
from the sealing compound. In either 
case small cracks develop which per- 


mit entry of moisture. These small 
cracks would provide excellent places 
for fungus growths to start if the 
equipment is used in tropical regions. 
The growths expand and in time form 
a shunt path from one terminal to the 
next or to the case. 

Molded plastic bushings with brass 
mounting inserts (Fig. 2) have been 
tried with partial success. Such bush- 
ings when mounted have the brass in- 
sert rolled over onto the metal hous- 
ing and a solder seal is made at that 
point. Failure of this arrangement 
occurs most frequently when the brass 
insert is loosened in the plastic as a 
result of the rolling or riveting opera- 
tion. 


Successful Seals 

Bushings of glazed ceramic, porce- 
lain, and glass (Fig. 3) have been used 
in conjunction with sealing compounds 
and gaskets of various materials. Gas- 
kets are used to fill up the major ir- 
regularities on the mounting surfaces 
of the bushings as well as to provide 
some resilience in the assembly when 
the screw stud is tightened. Here 
again sealing compounds are used on 
the interfaces of the mounting to 
complete the seal. By careful design 
of the various parts of the assembly, 
by proper choice of gasket material 
and sealing agent, and by care in 
execution of the assembly good seals 
can be achieved. To date this has 
been the most successful means of 
making a moisture-proof terminal. 

While the porcelain (glass or cer- 
amic) bushing together with gaskets 
and sealing compound has been suc- 
cessful, it leaves something to be de- 
sired in compactness, simplicity, and 
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certainty of assembly. The ideal ar- 
rangement would be an insulating ma- 
terial which could be attached to a 
metal by soldering. A recent develop- 
ment of the glass industry is a bush- 
ing which appears to conform to these 
requirements. It consists of a thick- 
walled, heat-resistant glass tubing with 
bands of metal fused into the glass 
itself. The metallized surface is tinned 
to prevent aid in 
soldering (Fig. 4). 


corrosion and to 


Metallized Glass Bushings 

This type of bushing is easy to in- 
stall for terminal studs and mounting 
rings may be attached by ordinary 
soldering techniques (both by iron and 
by gas flame). By the elimination of 
gaskets and sealing compound the un- 
certainties of these processes are ob- 
viated. It is claimed to have good 
mechanical strength, as well as high 
resistance to thermal shock and pres- 
sure variation. 

This construction has been applied 
in the past to large porcelain high- 
voltage insulators and has proved very 
satisfactory. If the fusion of the metal 
is well done, this would seem to be the 
most satisfactory hermetic seal ter- 
minal yet devised. With it mounted 
on the solder sealed metal housing, true 
sealing against moisture penetration 
can be realized. A further advantage 
lies in the fact that no porous organic 
materials are used in the construction 
so that there is an absence of mate- 
rial from which fungus growths might 
find nourishment. This development 
holds much promise; a complete state- 
ment of its merit can be made only 
after it has been in use long enough 
to observe its performance. 


SOLDER 


FUSED METAL BANDS. 


Fig, 4. Glass tubing bushings with fused metal bands 
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Slide Rule Short Cuts 


* Radio calculations can readily be 
performed on standard slide rules. 
While the slide rule is in common use 
among engineers and technicians, few 
take full advantage of all the facilities 
it provides. Especially the possibilities 
presented by the folded and inverted 
scales appear to be neglected. This 
article is a brief review of the proper- 
ties and use of these scales with ex- 
amples taken from the radio field. 


Definition of Terms 


In order to make this article useful 
to beginners who might otherwise not 
be able to follow it, it shall be necessary 
to define some very elementary terms. 
It is hoped that others will bear with us. 
The slide rule consists of a fixed part, 
called the stock, which bears graduated 
scales, and a sliding part, the slide, also 
provided with graduated scales. Over 
this runs a piece of translucent mate- 
rial with a hairline, the indicator, which 
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C, etc., and these letters are the same 
on all slide rules; that is, the same let- 
ter always refers to the same kind of 
scale regardless of the type or make 
of the rule. 

On some slide rules, the stock carries 
scales on one side only, while on others, 
the duplex rules, both the stock and the 
slide carry scales on both sides. On 
these rules the indicator carries a refer- 
ence hairline on both sides of the rule 
and these two hairlines are so adjusted 
that when one is placed over an index 
of the stock on one side of th» scale, 
the other hairline will cover the same 





‘Fig. 1. Solving a simple example of Ohm’s law 


serves to facilitate the reading of the 
scales. 

The scales on both the slide and the 
stock consist of one or more cycles of a 
logarithmic scale beginning at 1 and 
ending at 1. These ends of the scale 
where the division 1 is located are 
called the index. Most scales have a 
left-hand and right-hand index. Some 
have an index in the center only. 

The different scales on the slide rule 
carry identifying letters, such as 4, B, 
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index on the back side of the rule. Thus 
the two sides of the slide rule are really 
one and readings from one side can be 
referred to the other side. 





According to the complexity of the 
rule, it bears different names, such as 
the Mannheim slide rule, the polyphase, 
the polyphase duplex, log-log duplex, 
log-log vector, etc. We shall consider 
here all of the scales on these rules, 
starting with the simplest ones, so that 
an owner of a Mannheim slide rule can 
understand the beginning. 

Directions for the use of a slide rule 
soon become a system of abbreviated 
sentences, technical jargon such as: To 
2 on D set 3 on C, opposite 6 on C, reafl 
4 on D. Translation: Set the hairline 
of your indicator to the division marked 
2 on scale D. Move the slide so that 
the division marked 3 on scale C alsd 
comes exactly under the hairline of the 
indicator. Then move the indicator to 
the division 6 on scale C and read the 
answer on scale D. In this case it will 
be in line with the division marked 4 
We have here performed the operation 
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Fig. 2. How to keep the result ‘‘on scale’’. See text. 
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Use of “‘C’’ and “‘D’’ Scales 


Simple multiplication of two factors, 
or ordinary division, is done by means 
of the C and D scales. Let us take a 
simple example of Ohm’s law: 


E=S7 RF 


To solve this equation one can use the 
following procedure: Opposite I on 
scale D, set the index of scale C. Oppo- 
site R on C, read E on D. 

For example: Let the current in a 
circuit be .3 ampere and the resistance 
187 ohms. To find the voltage drop 
across this resistance, set the left index 
of scale C opposite 3 on D (Fig. 1). 
Opposite 187 on C, read 561 on D. The 
decimal point is placed by inspection; 
obviously, the answer is 56.1 volts. Note 
in the illustration that the distances on 
the scales are proportional to the log- 





log 123 
oO 


log 123 + log VH 


site the dividend on D, set the divisor 
on C. Opposite either index on C, find 
the quotient on D. Example: What is 
the resistance of a circuit when a po- 
tential difference of 45 volts produces a 
current of .15 amp.? Set 15 on scale 
C to 45 on scale D. Opposite the left 
index of C, find 3 on D. The answer is 
300 ohms. 


Rules for Decimal Point 


The fact that one does not find the 
decimal point is a difficulty at times. 





Fig. 4. Solving a common UHF transmission problem. See text. 


finitely long logarithmic scale. Simi- 
larly, the scale C represents the section 
from 1 to 10 on an infinitely long C 
scale. Placing them in the proper posi- 
tion with respect to each other, as in 
Fig. 2, the point 4.36 on the C scale will 
fall beyond the 100-1000 section of the 





Fig, 5. A short-cut in calculating impedance. See text. 


arithms of the numbers marked on it 
and that we have added these log- 
arithms in order to perform a multi- 
plication. 

When the result falls “off the scale,” 
set the right-hand index of C to the 
value of J on D and proceed as before. 
Why this may be done is best illustrated 
by referring to Fig. 2. Scale D is shown 
here infinitely long; the slide rule rep- 
resents any one section of this scale— 
any section or cycle desired by simply 
imagining the decimal point changed. 
Now let it be required to multiply 321 
by 4.36. Setting the left index of C to 
321 on D, the scale D now represents 
the section from 100 to 1000 on an in- 
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D scale. Instead, it falls within the 
next, the 1000-10,000 section. We can 
now imagine the scale D of the slide 
rule to become this next section and to 
represent 1000-10,000. It is then neces- 
sary to place the C scale in the same 
relation to the D scale as it is in Fig. 2. 
This is done by setting the other index 
of C, the right-hand index, to the di- 
vision 3210 on the D scale. Then it is 
possible to find our answer on D oppo- 
site 4.36 on C; the answer is 1400; (ex- 
act answer is 1399.56). Note that this 
procedure causes the decimal point to 
be moved une place to the right. 

In the case of division, the same pro- 
cedure is followed backwards. Oppo- 
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One way to simplify the problem is to 
write it in the following form 


321 X4.36 = 3X4.36K 10 = 14K 10’ = 1400 


Since we have seen that when the right 
index of the scale C has to be used in 
multiplication, the decimal point moves 
one more point to the right, this system 
shows the placing of the decimal point 
automatically. 

In the case of division the same rules 
can be followed; here the decimal point 
moves one extra space to the left if the 
right index of C has to be used. 

42 4.2X10' 


1050 1.05102 
42 4.2X10" 


4X10°-= .04 
(left index) 


I 





= 7X1¢* = £7 
(right index) 


6000 6X10? 


Two Simultaneous Operations 





It is possible to do one multiplica- 
tion operation and one of division at 
the same setting of the slide using noth- 
ing but the C and D scales. Such a 
problem may come up when solving for 
the unknown arm of a bridge network: 


a é be 
—=— or d= — 
b d a 


In this case the division is done first: 
Opposite b on D, set a on C; opposite 
con C, find d on D. This is illustrated 
in Fig. 3. 

It should also be clear that this can 
be done when one considers that when 
beginning a multiplication one sets an 
index of C to a factor on D. When fin- 
ishing with a division, one ends up with 
this same situation, that is, an index of 
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Fig. 6. Showing the use of folded scales. See text. 


C is opposite the result on D and the 
slide is already in the correct position 
for multiplication of the result with 
any other factor. 

This solution of proportions is very 
useful for conversion of units. To con- 
vert inches to centimeters or vice versa, 
set 254 on C to the index of D. Oppo- 
site inches on D, find centimeters on 
C, pointing off two places. 

To convert statute miles to nautical 
miles or vice versa, set 5280 on C to 
6080 on D; opposite nautical miles on 
D find statute miles on C. 


Use of A and B Scales 


The A and B scales carry two log- 
arithmic cycles within the length of the 
slide rule and they are so positioned 
that any division on A is the square of 
any division on D directly below it, and 
the same applies to B and C. 

To square a number, set the indicator 
to that number on D and read answer 
on A. To find the square root of a 
number, set the indicator to that num- 
ber on A and find the square root on 
D. Here it is necessary to use the prop- 
er section of A, otherwise an incorrect 
answer will be obtained. The first half 
of the scale A can represent 1-10 and 
the second half 10-100. For numbers 
between 100-1000 the first section must 
be used again, and so on. 

Employing the A and B scales to per- 
form a multiplication together with ex- 
tracting a square root is exemplified in 
the equation 


D=1.23 VH 


which gives the distance D in miles to 
the horizon for an observer H feet 
above the ground—-an important equa- 
tion for uhf transmission. 

Question: How far away is the hori- 
zon for a man on top of a 1000 foot 
tower? Set index of C to 123 on D; 
opposite H on B find distance on D. 
In this case H is 1000 and we must use 
the 1 in the center of the scale. The 
answer is 38.9 miles. This is illustrated 
in Fig. 4. 

The A and B scales are useful to find 
the power in equations such as 
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P=PR P= — 
R 
To R on D set index of C, opposite R 
on B find P on A. To E on D set R on 
B, opposite index of B find P on A. 

Finding Z when R and X are given 
has always been a tedious job. 

Z= VR’ + X 

This equation could be solved by find- 
ing the squares, adding them by long- 
hand and then finding the square root, 


but it can be done more easily. The 
equation should be re-written: 


Z=RvitGR) Z=X vV(RIX) a 

It will be easiest to choose that form 
of the equation which makes the frac- 
tion greater than unity. 

Example: What is the impedance of 
a circuit when the resistance is 8 ohms 
and the reactance 15 ohms? Re-write 
the equation: 


Z=8 v14+(15/8)? 


Referring to Fig. 5, to 15 on D set 8 
on C. At index of C read 3.5 on A. 





Mentally add 1 and set index to this 
amount on A. Opposite 8 on C, find Z 
on D: the answer is 17 ohms. 

In this connection it is well to re. 
member that if either of the two quan. 
tities R and X is more than 10 times 
the other, the value of Z equals the 
larger one to within ™% per cent. 

Another way of solving this particu. 
lar problem is given later under “trig. 
onometric scales.” 


Folded Scales, “‘CF’’ and “DF’’ 

The two scales CF and DF are dis. 
placed with respect to the C and D 
scale by the amount of 7; by this means 
one may multiply or divide by w with- 
out additional movements of the slide, 
For instance, to find the reactance of 
an inductor 


AX = 20fL 


set the index of C to 2f on D; opposite 
L on C, find X on DF. Or, to f on D, 
set 5 on C; opposite L on C, find X on 
DF. The why and wherefore is pic- 
tured in Fig. 6. 

Conversely, any point on scale D is 
1/z of the point on DF directly above 
it. To find the reactance of a capacitor, 
consider that the indicator set on 1 on 
DF shows 1/z on D and, when it is set 
at .5 on DF, shows 1/2z on D (this is 
.159). To find the reactance one has to 
divide successively by C and by f. This 
work can be shortened by using the in- 
verted scales, discussed later. 

Another benefit of the folded scales 
is that it eliminates the “off the scale” 
problem and obviates the necessity of 
drawing the slide more than half way 
out of the stock. 

To multiply 3 by 4. Set 1 on CF to 
3 on D. Opposite 4 on CF, read 12 on 
D. Had this been done in the ordinary 





Fig. 7. In (A) and (B) alternative methods of finding LC products are shown 
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way, the answer would be off the scale 
and another move of the slide would be 
needed. 

Let it be required to multiply 92 by 
105. It would normally necessitate 
drawing the slide almost all the way 
out of the stock, if the C and D scales 
were used. However, set 1 on CF to 
92 on DF; opposite 105 on CF find 966 
on DF. The answer is 9660. 


inverted Scales, Cl and CIF 


The addition of the inverted scales 
makes it possible to multiply three fac- 
tors with one setting of the slide (four 
factors if one of their is 7), besides 
their use for inversion. Now there are 
two ways to multiply or to divide. 

Heretofore, in order to multiply we 
have set the index of C to one factor 
on D. By means of the inverted scale 
we can set the second factor on C/ to 
the first factor on D and read the an- 
swer at the index of C/ on D. Example: 
To multiply 25 by 35, set 35 on CI to 25 
on D; op» site the index of C/ find the 
answer, 2/5, on D. If this product has 
to be multiplied again by a third factor, 
2.3 for example, the index of C would 
have to be set to 875 on D; but it is 
there already. Therefore, by setting 
the indicator to 2.3 on C, read the an- 
swer, 2050, on D. If instead, the third 
factor should be a divisor, as in: 


25 << 35 875 
—- = — = 380 
2.3 2.3 
the indicator should be set to 2.3 on CJ 
and the answer read on D. This last 








Fig. 8. Equivalent trigonometric for- 


mulas for impedance components 


operation might be called a second form 
of division. In other words, to divide 
when using the C/ scale, set the index 
of CI to the dividend on D. Opposite 
the divisor on CI, find the quotient on 


Note that for this type of division the 
setting of the slide is the same regard- 
less of the value of the divisor. There- 
fore, if one has to divide one fixed 
nurnber by many different divisors, all 
divisions can be performed with but 
one setting of the slide. A typical ap- 
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plication of this is to find the frequency 
when the wavelength is given, or vice 
versa. Set 3 on CI to the index of D; 
opposite f on C/ read wavelength on D, 
or vice versa. 

It is more convenient to use the C/F 
scale for this purpose. To 3 on D set 
1 on CIF, opposite f on CIF find wave- 
length on D. 

To find the wavelength in inches, set 
254 on C to 3 on D; opposite mega- 
cycles on CI, find inches on D. 


Solving Reactance Equations 


By the use of the folded and inverted 
scales one can find the reactance in one 
setting. To find inductive reactance, set 
f on CI to L on D, opposite 2 on C find 
X on DF. Example: What is the re- 
actance of a 2-henry coil at 60 cycles? 
Set 2 on CI to 6 on D; opposite 2 on 
C, find 756 ohms on DF. 

To find the reactance of a capacitor: 
To 5 on DF, set f on C; opposite the 
value of capacitance on CI find X on 
D. Example: What is the reactance of 
an 8uf capacitor at 120 cycles? Oppo- 
site 5 on DF set 120 on C; opposite 8 
on CI, find 166 ohms reactance on D, 

If, in the above example, the fre- 
quency were 60 cycles, the answer 
would again be off the scale. This can 
be remedied by using the folded scales 
CF and CIF instead of the C and CI] 
scales. So, to find the reactance of an 
8uf capacitor at 60 cycles, set 60 on CF 
to 5 on DF; opposite 8 on CIF, find 322 
ohms on D. 

To find the LC product for any tre- 
quency, set 2 on C to the left index 


of D; oppusite f on CIF read LC prod-. 


uct on A. Or, line up indices of slide 
in stock at both ends, the slide being 
entirely within the rule. Mentally mul- 
tiply f by 2, opposite 2f on C/F find LC 
product on A. The explanation of this 
can best be derived from Figs. 7(A) 
and 7(B). As an example, let it be re- 
quired to find the LC product to tune to 
45 mc. Set 2 on C to left index of D; 
opposite 45 on C/F, find 125 on A. The 
answer is 12.5 in micromicrofarads and 
microhenries. 

If the individual values of L and C 
are wanted one might divide, using the 
A and B scales, but it is more conveni- 
ent to employ the CJ and D scales, so 
that all the combinations of L and C 
which will tune to the required fre- 
quency can be had at once. To do this 
one must perform the previous opera- 
tion twice. With both indices lined up, 
set indicator to 2f on CIF, move index 
of slide to indicator (use the right or 
left index, whichever is nearest to the 
indicator ). Then set the indicator again 
to 2f on CIF; read LC on D. Set 1 on 
CI (or CIF) to indicator, whichever is 
more convenient, and read correspond- 
ing values of L and C on D and CI (or 
CIF). 
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The L Scale 


A linear scale, the L scale, is most 
useful for solving problems involving 
decibels. The linear scale, if it is on 
the stock, shows the common logarithm 
of values on the D scale. On some rules 
it is on the slide and is then referred 
to the C scale. 

Opposite power gain on D, find deci- 
bel gain on L. When the gain is be- 
tween 1 and 10, the decibel scale runs 


Me) cingule) 2 
DIFFERENCE 





Fig. 9. Finding great cir- 
cle distances. See text. 


from 1 to 10. If the gain is between 
10 and 100, the decibel scale runs from 
10 to 20, etc. 

Opposite power loss on CI (C and D 
in alignment), find db loss on L scale. 
Or, rather, when the gain is less than 
unity, use the CJ scale. When the gain 
is between .1 and 1, the decibel scale 
runs from 0 to —10. When the power 
gain is between .01 and .1, the decibel 
scale runs from —10 to —20. 


Use of Log-log Scales 


Since the log-log scales enable one to 
find the logarithm of any number to any 
base, they are well suited to problems 
with decibels. When the left index of 
C is set to 10 on LL3, the power gain 
in decibels is found on the C scale op- 
posite the power ratio on the LL3 scale. 
The C scale here runs from 10 up. If 
the right index of the C scale were set 
to 10 on LL3, it would run from 10 
down. 

The conversion of voltage or current 
ratios to decibels is done by setting 2 
on C to 10 on LL3. 

With the slide entirely inside the 
stock, both indices aligned, the gain in 
nepers is found on C opposite the volt- 
age or current ratio on LL3. 

To convert nepers to decibels or vice 
versa, set 2 on C to 10 on LL3, oppo- 
site nepers on D, find decibels on C. If 
the neper scale runs from 1 to 10, the 
decibel scale runs from 10 to 100. 

[Continued on page 42] 
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Kirchhoffs Equations 


MARK HOLZMAN 


Formerly Instructor in Mathematics and Engineering 


Dodge Radio Institute 


How Determinants Can Save Time in Solving 


Problems Involving Simultaneous Equations 


* The subject of determinants, like so 
many other fields in mathematics, may 
easily be applied to practical problems 
with little or no knowledge of the prin- 
ciples involved. To a practicing engi- 
neer mathematics is just a working 
tool ; but even the most practical minded 
one will admit that some understanding 
of his tools is essential for economical 
and intelligent handling. 

These considerations have led the au- 
thor to the task of including some of 
the theory of determinants, before their 
practical value is shown. 

There is no shorter way of solving 
Kirchhoff’s or any other simultaneous 
equations than by means of determi- 
nants and so this paper should prove of 
interest to all those engaged in the 
study of complex networks. 


INTRODUCTION TO 
DETERMINANTS 
Assume any hypothetical arrange- 
ment of impedances, such that the re- 
sulting simultaneous equations set up 
by means of Kirchhoff’s rules are of 
some such form as 
(1) Zh, + Zels = EF 
(la) Aili + Lele = E? 
where the Z‘; and the E‘ are known 
constants. The problem is to solve for 
the /;—and that is not an impossible 
task provided the number of equations, 
i, equals the number of unknowns, j. 
Multiplying (1) by Z?, and (la) by 
Z', and subtracting, we get a solution 
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for /,. By an analogous procedure we 
may solve for /,, obtaining for the two 
unknowns. 
(2) = (2°2*-—E*2"2) ~(Z4:Z*s—Z22"1) 
(2a) Is=(E?Z";—E'Z*,) ~(Z4Z%2—Z2Zs) 
Substitution of J, and J, from (2) and 
(2a) into (1) or (la) will show that 
the solutions given are correct. 

Since (2). and (2a) contain only 
general numbers, they may be consid- 
ered as a general formula for solving 


























any equation in two unknowns. These 
formulas may’ be remembered more 
readily and the whole process may be 
generalized for any number of un- 
knowns by introducing a new symbol 
called a determinant, namely 


ae rae 
Zz: 2’, 
This symbol is just another form of 
(Z1,Z2, — Z1,Z?,) from (2) or (2a). 
Thus, by definition, we have 

Zz" Zz 
Z*, Z's 


as 








(3) | 4 | =(21:2*s—Z"2Z's) 





Since the left side of (3) is a square 
array formed by two rows and two col- 
umns, it is called a determinant of the 
second order. The individual numbers, 






Fig. 1. A simple mechanical method of solving third-order determinants. See text. 
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Fig. 2. Typical circuit of a resistance network 


ie. Z1,, Z1,, Z7,, 275, are called the ele- 
ments of the determinant. The right 
side of (3) is called the expansion of 
the determinant. The numbers Z!, and 
Z*?, form the principal diagonal and 
Z}, and Z?, form the secondary diag- 
onal. Thus the product of the principal 
diagonal minus the product of the sec- 
ondary diagonal gives an expansion of 
a second-order determinant. 

Using the determinant notation, the 
dividends of (2) and (2a) give re- 
spectively, 


E! 2, 
E27, —E*Z'= | rg 

FE? Zs 

oy 

and = E°Z',—E'Z?,— | * | 
Z*, E? 


We may now write the complete solu- 

tion of the linear equations (1) and 

(la) as follows 

a 
ge A, 

(4) on =— 
a. A 

F. Zs 





as FE 

. BE A, 
(4a) I, = ———_—_—_ = — 
Z', Z's A 
FAS Zs 
It should be noticed in (4) and (4a) 
that the denominators are identical and 
that they represent the square array of 
coefficients of J, and J, from (1) and 
(la). Furthermore, it should be ob- 
served that the numerator of J, is ob- 
tained from the common denominator 
by substituting the coefficients of /, 
(i.e, the first column) with the corre- 
sponding constants from the other side 
of the equation, namely E! for Z1, and 
E? for Z2,. Solution for J, is obtained 
by an analogous procedure, except that 
this time the second or the J, column 
is substituted by the Ei. 

A determinant of the third order, 
which would be obtained from an equa- 








tion with three unknowns, is obtained 
from the second-order determinant by 
the addition of the third row and the 
third column, thus 

7 as Z': Zz ==Z'\Z' 02 e—2 12 sn 
(5) A=] 27, 2*s 2*s |4-2'223Z°:—Z'2Z'1Z's 

2 22 B34 A-Z'Z:Z%2—ZsZ 
The left side of (5) is the expanded 
form, which may be obtained by several 
methods discussed in a later section. 

We saw the determinants of the sec- 

ond and third order: finally we are in- 
troducing the most general determinant, 
namely that of the nth order. 


GB? OR Wivcsss Z'n 

4 i zs ee 

(6) : TT A LRRCTU CTC eT Te CT 
| os zs Le seeee Pt 


Here again, as before, the superscripts 
denote the rows and subscripts the cor- 
responding columns. This determinant 
consists of (men) terms and its ex- 
panded form has ! terms. 


EXPANSION OF DETERMINANTS 


Looking at the right side of (5) it is 
obvious that this expression cannot be 
obtained by the simple rule which we 
applied to second-order determinants. 
Since, for the purposes of actual 
numerical calculation it is necessary to 
have the expanded form, several meth- 
ods of obtaining it are discussed here. 


t. Expansion by Inversions 
or Permutations 

Careful scrutiny of the right side of 
(5) reveals that the superscripts in 
each of the 3! or six terms remain in 
their natural order, i.e., 123. On the 
other hand, the subscripts had under- 
gone a series of inversions or permuta- 
tions. When the inversion is even the 
term is positive and when it is odd the 
term is negative. A permutation is even 
or odd depending on whether the num- 
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ber of interchanges necessary to bring 
an inversion back to its original form 
is even or odd. 

In (5) the positive inversions are 
123, 231, and 312. The negative inver- 
sions are 132, 213 and 321. To convert, 
say, 231 to 123 it is necessary to inter- 
change, first, 3 and 1 and then 2 and 1. 
Since there are two interchanges, 231 
is an even permutation and so on. 

We mentioned before that a determi- 
nant of nth order has n! terms in its 
expanded form. This is self-evident 
now since there are n! permutations of 
the first nm numbers (subscripts). 


ll. Expansion by Minors (Laplace) 


The minor of any element Z*; in any 
determinant of the nth order is defined 
as that determinant (of order n — 1) 
resulting from suppressing the ith row 
and the jth column. Thus, for ex- 
ample, in (5) the minor of Z?, is 


| ya Z 
Vag La 





It may be shown that any determi- 
nant of any order may be expressed 
as the sum of products formed by multi- 
plying the elements of any row or any 
column by their respective minors. 
Moreover, each product is assigned the 
plus or minus sign depending on wheth- 
er, in the element Z‘;, the sum of i and 
j is even or odd. Thus (5) may be 
written as follows 
271272 
23,22 


241233 
274273 


27222: m1 1271273 
(5a) +24 aay —Z2 23, 73, +Z13 


(Sb) —Z%2]Z71Z73]+- 272241213] —Z%2 
233233 23123 






After the second-order determinants in 
(5a) and (5b) are evaluated we find 
that (5), (5a) and (5b) give the same 
result. We gave only two examples, but 
a third-order determinant may be ex- 
panded by minors in 2n different ways 
(2x3 ways in this case), each of which 
will give the same result. 

For determinants of higher orders 
the same method is applied—but several 
times in succession. With each applica- 
tion of this rule the order of determi- 
nants is reduced by one—and so this 
process is continued till there are no 
more determinants. 


lll. Mechanical expansion 


The very simple device shown in this 
section applies only to third-order de- 
terminants and will not work on any 
other determinants. 

(a) Copy the first two columns im- 
mediately to the right of the original 
determinant. 

(b) The product of the elements in 
the diagonals parallel to the principal 
are given the positive sign and the 
products of elements in the diagonals 
parallel to the secondary are given a 
negative sign. The algebraic sum of 
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these six products is the desired poly- 
nomial. 

This may be illustrated with equa- 
tion (5), using the form shown in Fig. 
1. The arrows indicate what products 
are to be formed; the proper signs are 
shown below each arrow; the mechani- 
cal details are left to the reader. 


THE EPSILON SYSTEM 


In discussing some of the practical 
and important properties of determ- 
inants—in the next section—we save 
much space by using a shorter notation 
for determinants, which will be ex- 
plained presently: it is the epsilon 
system. 

In its main features the e—system 
provides a set of symbols for the num- 
bers 0, —l and +1. The symbols 


apr7----v 


€ OR Cop.» 


are defined as follows: the value is 1 if 
ee y is an even or no permuta- 
tion of 123....n; it is —1 if the permu- 
tation is odd; and it is zero if any two 
of the indices repeat, ie., if it is no 
special arrangement of 123....n. The 
last statement shows that the epsilon 
system is skew symmetric in each pair 
of its indices. 

With this notation in mind, determ- 
inants assume the following form 


2nd order A=D> eZ Ze 


a,6 
3rdorder A= > Te" ZIZeZ, 
a,6,7 
4thorder A= >_> 717222525 
6,756 


It is convenient to omit the summation 
sign and we can do so provided it is 
agreed that summation is indicated for 
all repeated indices. This is known as 
the summation convention. With its 
aid we can write the third-order de- 
terminant, for example, as follows: 


aang 22222) 


Since in (7) a, B and y are repeated, 
summation is indicated over all of the 
n permissible values—in this case n = 
3. Expanding (7), and remembering 
that the epsilons are skew symmetric, 
we obtain 


CP iets? ad sisiz? 
een zizizi se e™ zizizi 


32: in2—a3 
+e 2, 25 Z, 
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This expression reduces to (5) since 


123 234 312 
€ =€ =€E =1 
4 213 { 
and € 32 =€ aes «= = -{ 
Arrangements such as ¢4!2 = ¢122 = 0 


etc., were omitted for obvious reasons. 


PROPERTIES OF DETERMINANTS 


(1) The expansion of a determinant 
of order n yields n! terms. This was 
shown in the section on expansion by 
permutations. 

(2) Each product of the expanded 
form has as a product one, and only 
one, element from each row and each 
column, 

(3) Corresponding rows and col- 
umns of a determinant may be inter- 
changed without altering the value of 
the determinant. This follows from 
property (2) and the fact that the ele- 
ments obey the commutative law of 
multiplication. Same law restated in 
terms of permutations would permit the 
application of inversions to either the 
subscripts or the superscripts. In sym- 
bolic form 


alee <4, Ses 

(4) interchanging two rows or two 
columns and multiplying the determ- 
inant by —1 leaves it unchanged. Inter- 
changing, say, two columns, is equiv- 
alent to permuting the subscripts in the 
epsilon system. Interchanging any two 
columns in a third-order determinant 
may be done in three ways: interchang- 
ing a and B, a and y, or ® and y (only 
in the subscripts of the Z’s). But all 
of these are odd inversions and hence 
the new determinant will be of the same 
value but of opposite sign. For exam- 
ple, interchanging the Ist and 3rd col- 
umns gives 


aBT 515243 
€ Z— Zq 27 


(5) Multiplying every element in a 
certain row or column by the same 
quantity and the determinant by that 
quantity’s reciprocal leaves the determ- 
inant unchanged. This is obvious from 
the commutative law of multiplication 


A= €%'2} (azz) z; 


where A is any non-zero constant. 

(6) If any two rows or two columns 
are identical the value of the determ- 
inant is zero; for if we interchange the 
two identical rows or columns the value 
of such a determinant will remain un- 
changed, or by property (4) 4 = —A 
and hence A = 0. The same could be 
inferred from our epsilon notation, for 





two of the indices would be identical} 


and by definitions from previous sectiog 
that is the condition for zero value 

(7) Replacing every element in q 
fixed row (or column) by the sum of 
itself and a fixed multiple of the ele. 
ment on a different fixed row (or col. 
umn) and the same column (or row) 
leaves the determinant unchanged. This 
can be shown as follows: Let 


where m is any non-zero constant, then r 


we have 


unk > (Ze+Le) . 


eVTZ'7Z2z73 +E Zalezy 
= 6 Z'Z7275 +me" ZZ; 


oe 2iziz, 


(8) If each element of a certain row 
or column is zero, the determinant is 
This property follows directly 


sero. 


from property (2). 


CRAMER’S RULE 


As will be seen presently, Cramer's 
rule is very important and useful since 
it enables us to set up the solutions for 
the different unknowns directly from 
the simultaneous equations. 

Let it be required to solve for /,, |; 
and J, in the following Kirchhoff rela- 


tionships 


w f 


(9) 


Step II: 


(10) 


(11) 


(12) 
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Zl -y- Zola + ee E? 
VANE + Lele -f- bags Alm EE 
Zhi + Zele+ Z'sls = E* 
Step I: Set up the common denomi 
a determinant form 
This denominator is essentiallf 
a square array of the coelity 
cients of the unknowns, tht 


tor 


As 


i= 


= 


a= 


in 





on Zs tA 
Z*, 2*2 Z's 
Z*, Z*2 Z's 


In solving for a certain w 
known, say J, replace all 
coefficients of J, in A by 
corresponding constants fro 
the other side of the equation 
and divide that new determ 
inant by A. Thus 


E' 2’. Z's 
E? 2%. Z's 
Bm. a 
Zo EF? Z's 
2, E® 2's 
vA E® Z's 
Z), Z's E 
2, 2, EB 
2, Z E 


[Continued on page 5 


1944 * 








Pro 
Whea 
measu 
which 
rectly 
adjace 
less ct 
used 

that s 
an ob 
Wh 
have: 


Als 


WI 
















a] 






=A 










RADIONS 






lentical 
















Section 
value, 
t in a 
sum of 
he ele. 
Or Col- 
v row) 
d, This 
it, then} |NDUCTANCE-MEASURING 
BRIDGE 
Probably the most common form of 
Wheatstone bridge circuit for the 
2>3 measurement of inductance is one in 
: o sfwhich self-inductance is balanced di- 
a Zr 2p rectly against a self-inductance in the 
adjacent conjugate arm. A somewhat 
; less common bridge circuit also widely 
un rowhised for inductance measurement is 
nant $Enot shown in Fig. 1. Fig. 2 shows 
directly fan obviously equivalent network. 
When the bridge is balanced we 
have: 
ramer’ ans RatjoLe 
ul since Ri(1/R’: +joc) = R, — 
ons for 
y from Also: 
Ke/K's = R/R's 
oT I, I, RR’; — oP ic 
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Fig. 1. Bridge for in- 
ductance measurement 





COMMUNICATION CIRCUITS 


R: 


i-— 


R's 
Re — R, _—_—— =— R. 
R's Rs 


R:Rs 
Ps — R,C ( R, 4 R;+ ——) — 
Re 


RiC[Ri(1+-Rs/R2) +Rs] 











Fig. 2. A bridge cir- 
cuit equivalent to Fig. 1 


This balance is obviously indepen- 
dent of frequency. Capacitance C 
may be fixed and the bridge balanced 
by varying R, and R,, or if R, is fixed 
by varying C and R,4. 


~e=Esinwt 
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NO. 21—INDUCTANCE MEASURING BRIDGE; POLYPHASE 


POLYPHASE COMMUNICATION 
CIRCUITS 


Some few years ago there was con- 
siderable mention in the technical press 
of polyphase broadcasting, in which 
modulation was accomplished by vari- 
ation of the phase of one component 
of a polyphase wave. One advantage 
of this system was higher efficiency. 
Still earlier, considerable development 
of polyphase communication circuits 
took place for wired radio, to be dis- 
tributed over three-phase power lines. 
There seems little doubt that, had the 
distribution of wired radio over power 
lines come into general commercial 
use, polyphase circuits would have 
found wide use for this purpose. One 
of the important criteria would again 
have been higher efficiency of distribu- 
tion. It seems probable in the post-war 
era we shall hear even more of poly- 
phase communication circuits. Hence 
it seems worthwhile to explore some of 
the possibilities in this field. 

If a voltage e = E sin wt is impressed 
across an impedance consisting of a 
pure resistance and a pure capacitance 
in series, as in Fig. 3, the voltage 
across each separate section will differ 
in phase. If R= 1/wC the two volt- 
ages will be equal. 

If two quadrature voltages are im- 
pressed on a Scott transformer, three 
voltages differing in phase by 2/3 
radians will result. The transforma- 

[Continued on page 32] 
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' 2= R.+-R, +- a 
Rs Rs 
& R.Rs  R2Ri+- RRs +-RiRs 
s= R+R; + = 
\ Rs Re Fig. 3. The voltages across each section of 
from which we have: the above network differ in phase as shown 
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be converted to a three-phase syste 
of voltages of equal magnitude ay 
phase differences of 22/3 by prop 
transformer ratios and proper choig 
of the tap on one secondary. 


a 
i, 
i 
et 
Fig. 5. The filter circuits, B, C, and D, may be used 
with the three-phase output circuit shown in A 
tion ratios (if the quadrature voltages : 


























a three-phase system with voltages of 
are equal in magnitude) of a and b in’ equal magnitude but having a phase 
Fig. 4 should be in the ratio 1:\/3/2 difference of 27/3 radians. Obviously 
respectively. the Scott connection is a special case 
of a more general arrangement. 

In a future data sheet, it will be Fig. 6. In A, a push-pull three-phase 
shown that any two voltages having a _ plifier, and in B, a two-phase amplifi 
phase difference other than 0 or 7 may with = Scott-connected output  circuil 





C 





@ 3 
9 if 


Fig. 4. A Scott transformer circuit 








These three-phase voltages may be 
impressed on a three-phase band-pass 
filter (or other type of properly pro- 
portioned three-phase filter), as shown 
in Fig. 5, to feed a three-phase dis- 
tribution system, which might be a wire 
line or an antenna system. It will be 
observed that the circuits so far shown 
are balanced or symmetrical. 

Fig. 6 indicates a push-pull three- 
phase amplifier and a two-phase ampli- 
fier with a Scott-connected output cir- 
cuit. 

Fig. 7 illustrates by vector represen- 
tation some of the foregoing circuit 
arrangements. Particular attention is 
directed to those diagrams showing a 
Scott connection for converting a two- Fig. 7. Vector diagrams of circuits described in the text. Scott 
phase quadrature system of voltage to connections are shown in E and H; phase quadrature in | 
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PART 2 





Amplifier Design 


* The problem will now be considered 
of designing an amplifier, assuming a 
reasonable value of d.c. supply voltage 
This value is generally given for each 
tube by the manufacturer. To clarify 
the procedure, the portion of Fig. 6 
including the constant current curves 
is shown in Fig. 7. 

The factors available for governing 
operation are (1) angle of plate cur- 
rent flow, 6), (2) crest space current, 
Im; (3) maximum positive grid volt- 
age, Emax, and minimum plate volt- 
age, Emin. 














The factor of greatest importance 
to the operation of the amplifier is the 
period of time during which the plate 
current flows, 6,. Angles of flow of 
less than 90 electrical degrees result 
in a high conversion efficiency but re- 
duce the amplifier output below the 
optimum value. A large amount of 
grid driving power is also required for 
short pulses. Larger angles of flow, 
between 90 and 180 electrical degrees, 
cause the amplifier to operate at a low- 
er efficiency, but to deliver a reason- 
able power output with normal driving 
power. Experience has shown that for 
a compromise between high efficiency 
and low output, the range between 120 
and 150 electrical degrees is best for 
general operation. 

The angle of plate current flow is 
governed by the position of the quies- 
cent point, which in turn is determined 
by the grid bias. The bias required to 
produce a given angle of flow may be 
determined from the formula, 
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Grid bias = E, = — + 
"7 
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cos — 
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Where » is the amplification factor of 
the tube. 
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This formula is obtained from con- 
sidering the voltage and current rela- 
tions in the circuit at the instant plate 
current stops flowing. The derivation 
is given in reference 7 of the bibli- 
ography. 

Where optimum operation is not of 
great importance, it is generally per- 
missible to select a bias of from two 


120,000, 


100,000} 


7) 
< 
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& 
= 





Fig. 3. Impedance of a parallel reson- 
ant circuit as a function of frequency 


to three times cutoff. Cutoff bias for 
given supply voltages is indicated on 
the constant current curves. 


Peak Space Current 


The maximum allowable peak space 
current is governed by the emission 
capabilities of the cathode. This value 
is generally supplied by the manufac- 
turer. Where information is not avail- 
able, a value may be obtained by mul- 
tiplying the sum of the maximum per- 
missible d.c. plate and grid currents, 
as specified by the manufacturer, by 
four. This constant is arrived at by 
determining the relation which exists 
between the peak and average values 
of the plate and grid current pulses. 
Further information is contained in 
reference 10 of the bibliography. 
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The peak space current is obtained 
at the instant during the cycle when 
the potential of the grid is at its maxi- 
mum value, Emax, and the potential 
of the plate is at its minimum value, 
Emin. The values of Emax and Emin 
therefore determine the peak space 
current of the tube. The ratio between 
imax and Emin must be carefully ob- 
served. The grid voltage must never 
be allowed to become more positive 
than the plate voltage, for under this 
condition the grid would actually draw 
power from the plate, with resulting 
damage to the tube. In order to realize 
the full power capabilities of the tube, 
the plate voltage must be allowed to 
approach the cathode potential but the 
grid must also be driven to an ap- 
preciable positive potential to obtain 
good efficiency. Therefore a_ ratio 
Emax/Emin of nearly unity it desir- 
able. A value of 0.8 is generally ac- 
ceptable for tubes operating at plate 
voltages of less than one or two thou- 
sand volts. Where larger voltages are 
used, this ratio is usually made smaller 
as a further protection to the tube. 

A line may now be drawn on the 
constant current curves representing 
the locus of points at which the plate 
and grid voltages are equal to the ratio 
Emax/Emin. This line is labeled O-C 
in Fig. 7. The point on this line is 
then found at which the sum of the 
grid and plate currents, as indicated 
by the current curves, is equal to the 
peak space current desired. 

The load line may now be plotted 
on the constant-current diagram. The 
upper extremity, labeled A in Fig. 7, 
will be located at the point where the 
peak space current is drawn. The cen- 
tral, or quiescent point, B, will be lo- 
cated at the intersection of the plate- 
supply voltage and the grid bias on the 
constant-current diagram. Only this 
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Fig. 6. Voltage and current relations on constant-current curves for a transmitting triode 


half of the load line need be considered 
since no current will be drawn by the 
plate during the other portion of the 
cycle. 
Pulse Shapes 

The manner in which the tube poten- 
tials vary over the cycle has been 
shown. The next step is to determine 
the shape of the pulses from the load 
line. These may be plotted on a time 
scale by joining points of instantane- 
ous current obtained by projecting 
equal intervals of the driving voltage 
cycle to the load line. It is necessary 
to plot only half of each pulse since 


both sides are symmetrical. Because 
the driving voltage increases sinu- 
soidally rather than linearily, it is 


necessary that the load line be divided 
sinusoidally. This may be done by 
measuring the half-length of the load 
line with a metric or decimal rule and 
proportioning the intervals according 
to sine functions from 0 to 90 degrees. 
Generally, 10-degree intervals yield 
good results. This procedure is illus- 
trated by the projections of driving 
voltage to the load line in Fig. 6. The 
divisions are shown on a larger scale 
in Fig. 7, and the half-pulses which re- 
sult are plotted in Fig. 8. 

The d.c. plate and grid currents are 
determined by averaging the areas of 
the pulses over a complete 360-degree 
cycle. If they have been drawn on 
cross-section paper this may be accom- 
plished by adding up the squares un- 
der the half-pulse, multiplying by two, 
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to include the entire pulse, and dividing 
by the number of squares which would 
be included in 360 degrees on the time 
axis. 

The power output is determined by 
multiplying equal intervals of instan- 
taneous plate current by corresponding 
intervals of instantaneous sinusoidal 
plate voltage over a cycle and dividing 
by the number_of intervals in a com- 


plete cycle. The power delivered wi 
of course, be zero during the time tha 
no plate current flows. The same time 
scale intervals as were used in plotting 
the pulses may be employed in this 
case. The number of intervals taken, 
or the number of times that the in 
stantaneous voltages and currents are 
multiplied together, determines the age. 
curacy of the result. 

The power required by the grid cir. 
cuit is determined in the same map. 
ner. Values of instantaneous siny. 
soidal grid driving voltage and instan. 
taneous grid current are used. 


Tank Circuit 


The operation of the Class C amphef 


fier is largely affected by the design of 
the tank circuit. The tank circuit mug 
offer a fairly high impedance to the 
resonant frequency, but at the same 
time, must offer a very low impedance 
to harmonic frequencies which woul 
otherwise be present in the amplifier 
output. The character of the resonant 
impedance curve of the tank circuit, 
shown in Fig. 3, is defined by the ratio 
of inductive reactance to resistance, 
2nfL/R, which is designated by the let 
ter Q. The Q of the tank circuit will 
in general be very high while no power 
is being drawn from the amplifier, but 
as load is applied, the Q will decrease 
to a fairly low effective value due to 
an apparent change in the resistance 
of the circuit. The effective Q ob 
tained when full power is being taken 
from the amplifier is the operating Q. 

A high operating Q will offer almost 
complete freedom from harmonic out 
put, but will result in an appreciable 
fraction of the available power output 
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Fig, 7. Constant-current curves of Eimac 35T. 
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being expended in the tank circuit. A 
low Q reduces the amount of power 


this load impedance for a given value 
of Q is 








( cos 70° 
1 — cos 70° 


which must be stored in the circuit Z 
ng§ during the cycle and consequently Inductance = L = ns henrys E. = —110 volts 
tis =makes possible the use of smaller in- enfQ This value corresponds to a bias of 
nf ductances and capacities, but intro- in which Q is the operating Q. approximately two times cutoff. 
in duces harmonic energy into the output. The capacity to resonate this circuit 4) The load line, AB, is drawn on 
ef An operating Q of between 8 and 12 is _ to the frequency of operation is the constant-current curves. The lower 
xf generally used in power amplifiers. 1 extremity, B, is _the intersection of 
Q's of lower than 8 are occasionally Capacity = C = — farads E, and E,. Fig. 7 illustrates this pro- 
ysed in large low-frequency apparatus, 4m 1 cedure for the 35T. 
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Fig. 8, Plate and grid current half-pulses 


where L is in henrys. 


Design Example 


To illustrate more clearly the general 
procedure outlined for design of a 
Class C amplifier, an example of such 
a design for a 35T tube is presented 
helow. 

The given factors in the design are: 
Supply voltage, Ex = 1500 volts 
Ratio Emax/Emin = 0.8 
Peak space current, Jm == 450 ma. 
Plate current pulse interval, 6, = 140° 
# for 35T = 30 
Operating tank circuit Q = 12 


5) The load line is divided into in- 
tervals corresponding to sinusoidal 
functions from 0 to 90 degrees. The 
plate and grid currents and voltages 
at each interval are tabulated. The 
currents are determined directly from 
the intersection of the load line with 
the, constant current curves. The plate 
voltage is equal to the supply voltage 
less the voltage at the point on the 
load line, and the grid voltage is equal 
to the sum of the bias voltage and 
the voltage at the point on the load 
line. 

6) Plate and grid current half pulses 


Frequency of operation = 2 mc. are plotted from tabulated values in 
Fig. 8. The areas under these curves 
Procedure are determined by counting squares, 


1) A line representing the locus of 
points at which Emax/Emin = 08, 
OC, is drawn on the constant-current 
curves. : 

2) The point, A, on the line OC is 
determined at which /, + J, = In = 





and the average or d.c. values of the 
currents are computed by multiplying 
this area by two to include the entire 
pulse, and dividing by the time scale 
length included in 360 degrees. 


D.c. plate current = 




















450 ma. At point A, Emax = 110 area X 2 1462 XK 2 
particularly in modulated amplifiers. volts and Emin = 140 volts. 36 ™ 36 == St om. 
Values greater than 12 are sometimes 3) For 6, = 140°, the grid bias is, 
used where a very high rejection of : ; D.c. grid current = 
harmonic energy is required. — ay 4A ieee Emin NX2 = 

The efficiency of the tank circuit, an B a L 6 #87) 
ie, the ratio of the amount of power 4 - 
delivered to the tank circuit to the Oo 7) The power one and driving 
amount of power delivered to the load, - “2 power are determined by totaling the 
is given by the formula: wo powers obtained at each of the in- 
7 ; 6> tervals of step 5, and averaging the 
7 mass 1 — cos — result.’ J, X E, and I, X Ey are tabu- 
Efficiency = ———— 100% lated. The sums are multiplied by two 
in which Q’ is the effective Q when no 14 to include the entire pulse, and divided 
power is being taken from the circuit. t¢ = —— (110 ag “ontinued , 5g 
In the general case, Q’ will be at least * iaeacsiaial titi 
several hundred and the tank circuit 
eficiency will be about 95%. This loss 
of power through the tank circuit must —e" Ig X Eq 
obviously be considered in the design I Ep “< cont (watts) 
of the amplifier. INTERVAL Ip ‘agua (Volts) bien a 
For optimum operation the im- (Deg.) pce a » a 
pedance offered to the plate of the 5 wr “ - oa _ 
amplifier tube must be such that a 15 - Ms = 47 = 
f Maximum transfer of power will oc- Po 035 = 2 78 1.0 
cur. The magnitude of this load im- poe 008 780 168 3.0 
pedance is given by the relation i ee "020 960 154 = . 
Load (E, — Emin)? a 045 4110 7 44.7 
impedance = Z, —= ———————— ohms 55 1245 1240 196 354 
. 285 .075 406 21.2 
= 4310 208 
in which P, is the power output. This 75 .340 —- 214 432 onl 
formula is derived from the ratio of .320 419 ae 1727 73.2 
the resonant frequency voltage to the vom. 
aol 


resonant frequency current which ap- 
Pear in the tank circuit. 
The inductance required to produce 
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THEORY AND APPLICATION OF 


Nomographs 


PART 3 


* The theory of the nomograph was 
considered in the last article,! with the 
exception of the scale factor. Scale 
factors make nomographs “fit on the 
sheet.” 

As an illustration of a scale factor, 
let us construct a two-scale nomograph 
for frequency vs. wavelength, or 


FRESE 


where f = frequency in megacycles 
= wavelength in meters 
c = light velocity or 


300,000,000 m/s 





* Theory and Application of Nomographs 
—Rapio, Dec., 1943. 


R. G. MIDDLETON 


Project Engineer, Templeton Radio Company 


How to 
Factors 


If we choose a scale 10 inches long, 
and wish to include A from 1 to 200 
meters, we may determine the neces- 
sary scale factor by equating 


200/10 = 20 meters per inch 
or, 1 meter = 1/20 inch 


Therefore we shall mark 200 on the 
nomograph at the top end (Fig. 8), and 
mark 180 meters 1 inch from the top, 
etc., with as many subdivisions as ap- 
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Fig. 10. Nomograph for two capacitors in series, The point of in- 


tersection of the straight line 
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L on C; is the resulting capacity 


Determine Nomograph Scale 


to Fit Any Size Sheet 


pears desirable for ease of reading, 
1/20 is the scale factor in this case, and 
we may write 


N-=/20 


where N is the number of inches cor- 
responding to a given wavelength from 
the start of the scale. 

The frequency scale is conveniently 
graduated from substitution of given 
values in the original formula. 

It is seen therefore that an equation 
in two variables requires one scale for 
each variable, and these two scales may 
be adjoining. However, adjoining 
scales are not possible for equations if 
three variables. 

By utilizing the derivation developed 
in the second part of this series of art 
cles, the reader may show that an equa 
tion in three variables: 


a(U) + B(V) + y(W) = 0 


has a corresponding working determ 
inant : 





—S; S’1 a(U) | j==0 
WZ ye 
0 — —B(V) 1 
Sit S's 


Ss S's Y(W) 1 


where S,, Ss, and S’,; and S’s are scale 
factors having the mutual relation: 














33's a Sad 


A general consideration of the work 
ing determinant tells a great deal abot 
the nomograph before actual calcul# 
tions are made; the scale factors aft 
constants, and therefore the scale of U 
is parallel to the scale of V and to tht 
left by an interval equal to S, ; likewis 
the scale of W is parallel to the sca 
of V and to the right by an interval 
equal to Ss. Therefore as soon as We 
choose the first two scale factors to “f 
the sheet” left and right, we may drat 
the scale lines of the nomograph para 
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Jel to one another. In general, unless 
special considerations govern, we 
should choose S, approximately equal 
to S3. 

Scale factors S’, and S’s may then be 
conveniently determined, remembering 
that S’,S’3 must be equal to S35’, or 
otherwise the nomograph “won’t work.” 


Nomograph of Capacitor Energy 


As an illustration of this equation, 
let us construct the nomograph for the 
energy present in a capacitor at any 
given voltage 


y = CE/2 
where IV is the stored energy in watt- 
seconds or joules; 
C is the capacity in farads; 
E is the potential difference in volts. 
The equation may be brought into 
the form just discussed by writing 
2W = E*C 
and then taking logs: 


log 2 + log WW = log E + log C 


or: 


WAVELENGTH (A) IN METERS 
FREQUENCY (f) IN MEGACYCLES 


Fig. 8. Wavelength-Frequency Nomograph 
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DIFFERENCE (E) IN VOLTS 


POTENTIAL 








IN MICROFARADS 


APACITY (C) 
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Fig. 9. Nomograph showing energy stored in a capacitor at any given voltage 


2 log E 
or: 


2 log E 


+ log C -~ log W — log 2=—0 


+ log C 


-log W — 0.30103 = 0 


This is now equivalent to our basic 
equation except that the constant 
0.30103 is present. Such a constant may 
be grouped with any variable we choose, 
and the working determinant then 
formed. We may group the constant 
with WV’, and by the method previously 
discussed proceed to set up the working 
determinant : 


7 + 30103) 1 
Ss: lox C 


We must choose certain limits for 


the variables, so: 


E varies from 1 to 1000 volts 
C varies from .001 to 10 pefd. 


We must choose a size for the nomo- 
graph, say, 7 x 10 inches. 


1944 


Then calculating the scale factors, 
10” 2S", (log 1000—log 1) 
or, 
Ss = 
and, 
10” S's dog 10° — log 10°) 
or, 
Ss oe 
Likewise 
SHS 
whence, 
S. 14/5 and Ss; = 


, mess s= 


Fig. 9 illustrates how these values 
determine the position of the scales 
upon the sheet, as well as the scale 
graduations which are derived from 
substitution of various values of E, W 
and C in the working determinant : 


14 10 == 
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0 1 log W+.30103 
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Echophone Model EC-1I 


(Illustrated) a compact communications ie a 
receiver with every necessary feature for Nf eal 
good reception. Covers from 550 kc. to SERRE treo 


30 mc. on three bands. Electrical band- 
spread on all bands. Beat frequency oscil- 
lator. Six tubes. Self-contained speaker. 
Operates on 115-125 volts AC or DC. 


Echophone Radio Co., 540 N. Michigan Ave., Chicago 11,Illinois 
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Experimental Wireless, Vol. 6, April 1929, 
page 193. 


Arctic Auroral Radio Interference—P. C. 
Oscanyan—QST, Vol. 13, December 1929, 
page 18. 


On the Relation Between Long-Wave Re- 
ception and Certain Terrestrial and Solar 
Phenomena — K. Screenivasan — Proceed- 
~ a IRE, Vol. 17, October 1929, page 


Sun Spots and Radio, Science, Vol. 70, 
December 13, 1929, page x. 


Short Wave Echoes and the Aurora Bore- 
alis—L. . Thomas—Nature, Vol. 123, 
February 2, 1929, page 166. 


The Relation of Radio Propagation to Dis- 
turbances in Terrestrial Magnetism—I. J. 
Wymore—Proceedings IRE, Vol. 17, July 
1929, page 1206. 

Radio Interference from Line Insulators 


—Van Atta White—Journal AIEE, Sep- 
tember 1929, 


a 


Radio Interference from Power Lines— 
Donnell—Radio, June 1928, page 31. 
Suppressing Radio Interference—A._T, 
Lawton—Radio Broadcast, January 1928 
page 299. 

Sur un Echo des Ondes Electromagnetiques 
Courtes Arrivant Plusieurs Secondes Apres 
le Signal Emis et Son Explication Aprés 
la Théorie des Aurores Boréales — (, 
Stormer—(On an Echo of Short Electro- 
magnetic Waves Arriving Many Seconds 
After the Signal Transmission and its Ex. 
planation According to the Theory of the 
Aurora Borealis). L’Onde Electrique, Vol, 
7, December 1928, page 531. 

Short Wave Echoes and the Aurora Bo- § 
realis — C. Stormer — Nature, Vol. 122, 
November 3, 1928, page 681. 

Test Effects of Sunspots on Radio, Sei, 
American, Vol. 139, August 1928, page 
168 

Radio Communication and Magnetic Dis- 
turbances—C. S. Wright—Nature, Vol. 
122, December 22, 1928, page 961. ' 
Les Echoes des Ondes Courtes et les 
Aurores Boréales—B. van der Pol—(Short 
Wave Echoes and the Aurora Borealis) 
L’Onde Electrique, Vol. 7, December 1928, 
page 534. } 

Short Wave Echoes and the Aurora 
Borealis—B. van der Pol—Nature, Vol. 
122, December 8, 1928, page 878. 

Radio Reception and Northern Lights, 
Science, Vol. 68, July 20, 1928, page X. 
Radio Research Started, Radio Dealer, Vol. 
12, January 1928, page 67. 

Radio Echoes and Magnetic Storms—S. 
Chapman—Nature, Vol. 122, November 
1928, page 768. 

Radio Echoes and Magnetic Storms—T. L. 
Eckersley—Nature, Vol. 122, November 
17, 1928, page 768. 

The Effects of Sunspots on Radio — 
Science, Vol. 67, March 16, 1928, page X. 


Maximum Sun Spots Aid Long Waves by 
Day, Radio World, Vol. 12, January 28, 
1928, page 22. 

Correlation of Long Wave Transatlantic 
Radio Transmission with Other Factors 
Affected by Solar Activity—C. N. Ander- 
son—Proceedings IRE, Vol. 16, March 
1928, page 297. 

Short Wave Echoes and the Aurora Bor- 
ealis—E. V. Appleton—Nature, Vol. 122, 
December 8, 1928, page 879. 

On the Influence of Solar Activity on 
Radio Transmission—L. W. Austin and 
I. J. Wymore—Proceedings IRE, Vol. 16, 
February 1928, page 166. 

Thermal Agitation of Electrical Charge in 
Conductors—H. Nyquist—Phys. Review, 
Vol. 32, 1928, page 110. 

Method of Reducing Effect of Atmospheric 
Distortion—C. R. Englund—Proceedings 
IRE, January 1928, page 27. 


Reduction of Atmospheric Distortion— 
J. R. Carson—Proceedings IRE, Vol. 16, 
July 1928, page 966. 


Thermal Agitation of Electricity in Con- 
ductors—J. B. Johnson—Phys. Review, 
Vol. 32, 1928, page 97. 
The Aurora and Fading—A. G. Cooley— 
Radio Broadcast, Vol. 11, July 1927, page 
135. 
Behavior of Radio Receiving Systems to 
Signals and to Interference — Peters — 
Journal AIEE, August 1926. 

[Continued on page 42] 
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A PLANET Zi Zio 


Ever notice how a meteor streaks across the heavens in a blaze of fiery splendor? 


It's a beautiful sight... while it lasts. But most meteors burn themselves out long 
before striking the earth. Not so a planet...though much less brilliant, it's there to 
stay. That’s how we like to think of I. C. E. Here to stay... Born of the war... yes, 


but acquitting itself well, and all the better to serve you in the post-war future. 


tl tie 
. the promise of great things to come 


INDUSTRIAL & COMMERCIAL ELECTRONICS 
BELMONT, CALIFORNIA 
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Using Slide Rule 


[Continued from page 27] 


Wire Gauges 

Since the diameter uf wires and their 
cross-section runs in a geometric pro- 
gression for consecutive gauge num- 
bers, the log-log scales will serve to find 
these values. 

To find diameter in mils, set 2 on C 
to 10 on LL3. Calling the gauge num- 
ber N, opposite (50-N) on C, find di- 
ameter on LL3. 

To find cross-sectional area in cir- 
cular mils, set 1 on C to 10 on LL3, 
opposite (50-N) on C find cross-sec- 
tional area on LL3. 


Impedance of Coaxial Lines 


The relation between Z and the two 
diameters is 


D 
Z = 138 logi — 
d 


where D and d are the diameters of the 
outer and inner conductors, respective- 
ly. 

Find the ratio D/d from the C and D 
scales, set 138 on C to 10 on LL3. Op- 


42 


posite D/d on LL scate, find Z on C 


scale. 
Use of Trigonometric Scales 


The arrangement of the trigonom- 
etric scales differs very markedly on 
the various types of rules. Therefore, 
some operations which can easily be 
performed on some rules are well-nigh 
impossible on others. The applications 
shown here can be done with a poly- 
phase duplex or a log-log duplex. The 
log-log vector slide rule offers the 
greatest convenience as far as triog- 
onometric scales are concerned. 

On most rules the sine scale at the 
back is referred to the A and B scales 
while the tangent scale is referred to 
the C and D scales. This has to be re- 
membered when multiplying a sine or 
a tangent by any factor. It is even more 
of a headache when multiplying one 
trigonometric function with another 
one, as in the solution of spherical tri- 
angles. 


Finding Z from R and X 


The impedance can be found from R 
and X by trigonometric formulas as 
shown in Fig. 8. For the sake of con- 
venience it is desirable to avoid tan- 
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gents of angles over 45 degrees and 
therefore, the angle opposite the short- 
est side should be found. 

Applying this to our previous prob- 
lem: To find Z when R is 8 ohms and 
X is 15 ohms. To 15 on DF set 8 on C; 
opposite index of DF read 9 = 28°, 
Set 28° on sine scale opposite 8 on A; 
opposite index of sine scale, read 17 on 
A. It may be convenient to use the D 
and the C scales instead of DF and C, 
depending on the values involved. 


Finding Great Circle Distances 


If only the great circle distance is 
needed, and not the bearing, the law of 
cosines for spherical triangles can be 
used. (Fig. 9). 

This equation is directly adapted fot 
use with latitudes 


cos d = sin Lat. A sin Lat. B 
+ cos Lat. A cos Lat. B cos Long. diff. 





Where d is the great circle distance 
in degrees. If one considers the lati- 
tude positive when it is North and 
negative when it is South, this one 
equation will do for all cases. 

It will then be necessary to adjust 
che equation in each case so that all th 

[Continued on page 61} 
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THIS MONTH 





RADIO EMPLOYMENT 


Employment and compensation data for 
standard broadcast stations and networks 
during 1943 were released by the Federal 
Communications Commission. 

Responses from 815 standard broadcast 
stations and 10 networks, covering the 
week of October 17, 1943, revealed that 
24.515 persons were employed full-time 
and 4,862 part-time. Approximately 52 
stations had not filed their returns at the 
date of this compilation. 

The total weekly compensation paid to 
all full-time employees amounted to $1,- 
366,687 or an average of $55.75 per em- 
ployee. This represents an increase of 
6.6% over the October 1942 average of 
$52.32. 

Average weekly compensation for full- 
time employees, excluding executives, was 
$49.50 or an increase of 7.3% over last 
year’s average of $46.12. 

The two releases containing these data 
show for each broadcast district and re- 
gion, the number of employees and aver- 
age compensation per employee in each of 
the various radio occupations. Data are 
shown separately for full- and part-time 
employees. 

Prompt response on the part of the 
great majority of stations and networks 
has enabled the Commission to make this 
information available at a much 
date this vear. 


earlier 


HALLICRAFTERS AWARDS 

Ist Lt. Robert Phillips, Jr., of the Signal 
Corps, and T/Sgt. Ervin A. Hurley, with 
an Air Base Squadron, tied for first prize 


in the Hallicrafters Company cash prize 





Lt. Robert Phillips, 


Jr., 
Hallicrafters’ award from Kenneth McClel- 
land, personnel director of the company 
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receiving the 





Three war workers, each representing a different Asiatic race, proudly show 
how they co-operate in producing communications equipment for the Army Air 
Forces. Shown at a bench in the Jefferson-Travis Radio Manufacturing Corpor- 
ation are (left to right) Capt. Alvin Grauer, U. S$. Army; Moy Guay Chuck, a 
native of China; Col. Charles W. Kerwood, U. S. Army Air Forces; Toshio 
Niniomiya, American-born Japanese; Rama Chattopadhya, an American Hindu 


contest for radio men in the service. Each 
of the soldiers received a check for $100. 
The prizes were awarded for letters telling 
of their personal experiences with Halli- 
crafters military and naval and communi- 
cations equipment. 

Lt. Phillips, who was invited to come to 
Chicago and attend Hallicrafters annual 
Christmas dance, was presented personally 
with his $100 check on that occasion. At 
the battle of Kasserine Pass, he was driv- 
ing an SCR-299 mobile radio station when 
hit by dive bombers. He wears an empty 
sleeve as a result, also the Order of the 
Purple Heart. With his arm nearly blown 
off, he drove six wounded men to a first- 
aid station and sent back an ambulance 
for more. In his prize-winning letter he 
told how the Hallicrafters SCR-299 was 
used to establish communication between 
an African base and London, England— 
a distance of 2,300 miles. 

T/Sgt. Ervin A. Hurley told in his let- 
ter how the SCR-299 overcomes severe 
radio disturbances caused by adverse 
weather conditions. 


NEW CENTRALAB BULLETINS 


To supplement bulletin No. 630 on Cer- 
amic Capacitors, Centralab has released a 
new 4-page folder No. 721. It contains 
condensed information on special types of 
capacitors now in production. 

Bulletin No. 720-A provides complete 
specifications and advantages of “Centra- 
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dite,” a new development in ceramic ma 
terial, and Steatite. 

Either or both bulletins may be obtained 
on request to Centralab, Division of Globe 
Union, Inc., 900 East Keefe Ave., Mil- 
waukee, Wis. 


CANNON WIRE DATA 


Cannon Electric Development Company, 
3209 Humboldt Street, Los Angeles 31, 
California, has just published a 24-page 
loose-leaf booklet on Signal System, 
Cable and Wire Data for engineers, esti- 
mators, wiremen and the electrical indus- 
try in general. 

Among the data will be found the fol- 
lowing: standard telephone eable  coior 
code, interphone telephone cable, switch: 
board telephone cable, wire types used if 
telephone and signal installations, resist: 
ance of copper wire, carrying capacities of 
wires, etc. 

The pages 4 x 6% are 3-hole punched 


to fit into standard data books. Copies 
will be sent free upon request. 
ASA STANDARDS LIST 

The American Standards Association 


announces the publication of its new list 
of standards. There are more than 60 
standards listed, of which 64 have beet 
approved or revised since the last pric 
list was printed (April, 1943). The 
standards cover specifications for mate 

[Continued on page 50 
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War's necessity mothers tomorrow’s blessing. War- 
born electronic devices which now strengthen and 


sharpen a war pilot’s radio signal may, some happier 


tomorrow, guard the glory of a symphony. 


Who knows the future of these discoveries which 
keep our pilots in clear communication, even 
through the deafening crackle of a tropical storm? 


Who knows what undreamed comforts, undreamed 





glories flicker in the electronic tubes? Or in 


any of the modern miracles so familiar to us at 


Sylvania? 


New sound for the ears of the world. New knowl- 
edge for the eyes of the world. More mists of 
ignorance swept away! Those are the potentials 
which inspire us, in everything we do, to work to 


one standard and that the highest known. 


SYLVANIA ELECTRIC PRODUCTS INC. 


EXECUTIVE OFFICES: 500 FIFTH AVENUE, NEW YORK 18, N.Y. 


RADIO TUBES, CATHODE RAY TUBES, ELECTRONIC DEVICES, INCANDESCENT LAMPS, FLUORESCENT LAMPS, FIXTURES AND ACCESSORIES 





iN ACTION ON THE HOME FRONT .. . Sylvania Fluorescent Lamps and Equipment 
are helping our war factories speed production. Sylvania Radio Tubes are help- 
ing bring information and entertainment to homes throughout the land. Sylvania . 
Incondescent Lamps are seine long and economically in these same homes. 


- AS always, the Sylvania trade-mark means extra performance, extra worth. 

















NEW PRODUC 





NEW QUARTER MILLION 
VOLT CAPACITOR 

The .02-mfd. 250,000-volt capacitor 
shown is the latest type Industrial Spe- 
cialty unit. It consists of liquid impreg- 
nated capacitors housed in a wet process 
porcelain tube and filled with a liquid di- 

















electric. The end caps are the Westing- 
house solder seal type which act both as 
a mounting arrangement and terminals. 

This unit is built for total submersion 
for salt water and operation under the 
severest conditions. Voltage ratings range 
from 7500 volts to a quarter of a million 
volts in single units and can be connected 
in series for operation up to several mil- 
lion volts. 

Manufactured by Industrial Specialty 
Company, 1725 West North Avenue, Chi- 
cago, 22, Illinois. 


CML PRODUCTION PLUGS 


Developed for use with the Rotobridge 
in testing electronic equipment, CML pro- 
duction plugs are now available generally 
for use by electrical manufacturers. 

CML production plugs are 5 inches long 
and 1% inches in diameter, so that the 
handle will project above the average i-f 
transformer, condenser, making it readily 


accessible. CML Production Plugs are 
made with a heavy steel barrel and are 
filled with a wooden handle to permit 
ready removal from socket. All pins are 
case hardened steel to assure long life, yet 
may be replaced when worn or broken. 
In both the octal. and loktal plugs, center 
key extends through in form of a 
threaded rod to permit cable to be fastened 
firmly in position without strain on pin 
connections. A flat head machine screw 
serves same purpose in the other plugs. 

In addition to the octal and loktal types, 
these plugs are available in 4, 5, 6 and 7 
pin models, small and medium. Descrip- 
tive bulletin is available from Communi- 
cation Measurements Laboratory, 116 
Greenwich Street, New York. 


G-E SAFETY DOOR 
INTERLOCK SWITCH 


A new door interlock switch, designed 
as an emergency device to interrupt con- 
trol circuits where access doors are opened 
when the power is on, has been announced 
by the Specialty Division of the General 
Electric Electronics Department at 
Schenectady, N. Y. 

It has a carrying capacity of 10 amp., 
110 or 220 volts a.c. or d.c., and an em- 
ergency opening capacity of a.c. 714 amp., 
110 or 220 volts; on d.c. low inductive cir- 





cuits, 5 amp., 125 volts; 22 amp., 250 
volts. 

Application covers a wide range where 
doors, windows or covers must be inter- 
locked for the protection of the equip- 
ment and safety of the personnel. For 
example, doors on radio transmitters, 
x-ray and therapeutic machines, burglar 
alarms, and signal controls for fire doors. 


SHEFFIELD PRECISIONAIRE 


An instrument for checking the dimen- 
sional tolerances of quartz crystals with- 
out marring their surfaces has been de- 
veloped by the Sheffield Corporation of 
Dayton, Ohio. This device, called the 
Precisionaire, is used for accurately gag- 
ing a part as to size, out-of-round, taper, 
and bell mouth at any section of its length 


length. 
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or at any point on the diameter within fy 


The principle of air flow, instead 





relatively low 
pressures during the gaging operation. 
Crystals to be checked are placed ina 


of air pressure, permits 





snap-type gaging fixture which has a 
column of air flowing against the top and 
bottom of the crystal from the gaging 
fingers. Interchangeable spacer blocks 
are inserted in the fixture to permit the 
checking of several basic sizes. Crystals 
of known sizes are used as masters to set 
the limits. 

This device may be used for checking 
other items, such as delicate parts of glass 
or other materials which are fragile and 
easily marred. Parts having tolerances 
ranging from .0001 to .005 inch may be ae 
curately checked. 


SQUARE-WAVE GENERATOR 

The newly organized Reiner Electronics 
Company of New York City announces 3 
new low-priced Square-Wave Generator 
Model 530, designed for production testing, 
It is claimed to incorporate a feature not 
found in other square-wave generators, the 
facility of synchronization with any ex 
ternal frequency source. 

Model 530 Square-Wave Generator has 
a hand-calibrated frequency scale reading 
from below 10 cycles to more than 10 
kilocycles. The accuracy of the frequency 

[Continued on page 48] 
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RADIO INDUSTRY NOW PRODUCES FOR 
WAR —BUT PLANS FOR PEACE 


UTAH EMPLOYEES BREAK YOU ARE PART OF 
PRODUCTION RECORDS FOR UTAH’S POSTWAR PLANS 
UNCLE SAM “We're working for Victory and 


planning for peace now,’ stated Oden 
F, Jester, Vice-President in Charge 
of Sales of the Utah Radio Products 
Company, when queried recently on 


See 






ithin its 
instead 





Month by month, production rec- 
ords have been broken as Utah has 
gone ‘‘all out” for Uncle Sam, accord- 

















ely low ‘ 
tion. ing to Fred R. Tuerk, President. FRED R. TUERK Utah’s postwar plans. “Our experts ODEN F. JESTER 
ed ina ; ; ; are hard at work, developing plans for the future— 
has a He points out that experience gained during the 
top and ie siaieililh aili Nis lithe: sealant : plans that take utmost consideration of the needs of 
gaging om y uicrent peacetime = industrial concerns. Better products are on the way. 
roduction. ; ; 
— P In the Utah laboratory rapid strides have been made 
‘mi e 77 s : ea: . . . ° 
Crvatil With emphasis on quality, the dependability of Utah in adapting new electronic and radio developments 
3 tom parts, long a by-word in the radio and sound equip- for war uses—and making them available for the 
ment industries, will be maintained. requirements of tomorrow.” 
checking 
of glass eae 
vile ad’ CARTER DIVISION IN FULL SWING militarily and commercially usable. said W. A. Ell- 
lerances , ice- i- 
\ beset FOR WAR PRODUCTION— Mr. Ellithorpe went on to state — — sic 
: . : ent in Charge o 
AND POSTWAR PLANNING that Utah-Carter parts are proving mene ita ; 
R that the engineering which created ee 
- Frank E. Elli- them and the manufacturing meth- the Utah Radio 
-ctronics . . . 
sana thorpe, Sales ods which are turning them out in oo a 
eneratot Manager of the ever-increasing quantities are Now pies i 
| testing, Carter Division of worthy of the fighting men who went on, “has this 
ture not : : 
tors, @ the Utah Radio depend on those parts. This same — wera oa - & meee 
any ex Products Com- engineering staff and these same ‘4% 19 Me Facto 
pany, declared in manufacturing facilities, Mr. Elli- and communications fields. Today, 
ator has : : ; : : : 
readia arecentinterview  thorpe went on to say, will be con- re re iit ssi 
han 100 PRANK E, ELLITHORPE that Utah Jacks, verted to the development and pro- 4F€ enlisted in the armed’ torces— 
equency ‘ Switches, Vitre- but tomorrow they will be at the 
















ous Enameled Resistors, Plugs, 
Wirewound Controls and other 
Utah-Carter parts are seeing serv- 
ice on wide fronts—in the air, on 
the sea and on the ground. They are 
playing an important part in adapt- 
ing the new electronic and radio 
developments—in making them 


duction of the Utah products to 
meet the demands of industry for 
“tomorrow.” 


WAR DEVELOPMENTS AND 
THEIR PEACETIME MARKETS 


The war has speeded discoveries 
and improvements in many fields, 


service of peacetime America.” Mr. 
Ellmore further pointed out that be- 
cause of the wartime research and 
improvements now going on at 
Utah, there will be greater enjoy- 
ment and convenience in the Amer- 
ican home—greater efficiency in the 
American factory. 


UTAH RADIO PRODUCTS CO., 846 Orleans St., Chicago, Ill. 
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New Products 


[Continued from page 46] 
calibration is 5 percent over extended 
periods. In cases where great accuracy of 
frequency is desired, the instrument can be 
made to synchronize with any standard 
frequency generator, provided that a syn- 
chronizing voltage of at least 0.1 volt is 
available. The synchronization can also be 
made with any other external frequency 
source. 

The output impedances available are 100- 
200-500-600-1,000-2,000 ohms. Output volt- 
age may be varied either in fixed steps or 
may be continuously varied by means of 
the variable voltage potentiometer. When 








ments of Ken-Rad tubes 


war 


Lend-Lease did not inaugurate foreign ship- 
Long before the 


sixty countries on every continent 


the latter is used, the output impedance is 
from 0-2,000 ohms. The maximum volt- 
age output is approximately 200 volts. 
The power supply of Reiner Electronics 
Model 530 Square Wave Generator is de- 
signed to operate on 110-120 volts, 60 
cycles a.c. It is also available for other 
voltages or line frequency. The power 
consumption is 30 watts. Prompt delivery 
can be made on properly certified orders. 
The Reiner Electronics Company, _lo- 
cated at 152-6 West 25th Street, N. Y. 
C., will also manufacture oscilloscopes, 
signal generators, vacuum tube voltmeters 
and general electronic equipment. A new 


bulletin describing their products will soon 
be available from the manufacturer. 





ine 


cluding all United Nations and major islands 


in every ocean utilized 


ties 


Today millions of Ken-Rad tubes serve every 


battle front 


or peace 


Ken-Rad tubes in hundreds of thousands 


and we are proud that in war 


the entire military world and civil- 


for peacetime activi- 





ians alike recognize Ken-Rad dependability 


TRANSMITTING METAL AND VHF 
TUBES 2 TUBES 
CATHODE RAY INCANDESCENT 
TUBES a LAMPS 

SPECIAL FLUORESCENT 
PURPOSE TUBES ow See ee LAMPS 
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R-F LACQUER 


A new and improved radio frequengy 
lacquer with a remarkably low loss facto, 
over a wide frequency range has recently 
been offered for various electronic applis 
cations by Communication Products Cor 
pany, 744 Broad Street, Newark, N. J. J 
a 24-page booklet, now ready for distriby 
tion, the uses of Q-Max A-27 Radio Fr 
quency Lacquer are illustrated and 4 
scribed. The electrical and physical prg 
erties of Q-Max, as determined by care 
laboratory tests, are recorded in a series q 
useful graphs and charts. Illustrated grap 
ically, for a wide frequency range, are 
dielectric constant, power factor and lg 
factor while data are included for dieleg 
tric strength, density, drying time, adhe 
sion and other characteristics. 


GLASS VEE JEWELS 


Previously offered as run-of-mill q 
ity, General Electric glass vee jewels ag 
now ready to set. Before jewels 
shipped, they are examined under a } 
nocular microscope, which has a magnifam 
cation of 40 diameters, for incipient flawg 
in the glass, the depth of the vee an 
its concentricity. Simultaneously th 
bearing is explored for pits or roughneg 


All jewels now 
furnished have passed this rigid inspec- 
tion and are ready to be set in jewel 


with a fine steel needle. 


screws. This inspection saves the pur- 
chaser inspection time. 

Glass vee jewels have been manufac- 
tured in tremendous quantities since the 
beginning of the war to replace imported 
sapphire jewels which have become prac- 
tically unobtainable. G.E. has supplied the 
majority of these jewels to the war effort. 
They are used in small panel instruments 
with a moving system which weighs one 
gram or less. The jewels have the same 
coefficient of friction as the sapphire and 
in combination with instrument _ steel 
pivots, under vibration, they often produce 
less friction increase than does the 
sapphire. 

Vast improvement has been made in the 
glass as compared with that previously 
used. These jewels will resist shocks in 

[Continued on page 50] 
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the amateur is still in radio... 


All through the development of radio communications you'll find the 
mark of the radio amateur. His desire to accomplish the seemingly im- 
possible and the rough treatment he gave his “ham rig” helped create 
and develop better radio technique. Thus the radio amateur is directly 
responsible for much of the superior radio and electronic equipment 
being used by the military services today. Eimac tubes, created and de- 
veloped in the great amateur testing ground are a good example. They 
had to possess superior performance capabilities in order to become 
first choice of the leading radio amateurs. 


Their ability to withstand momentary overloads of as much as 600% 
and their unconditional guarantee against premature failures due to 
gas released internally are two potent reasons why they are today first 
choice of the leading electronic engineers 
throughout the world. 


Today the radio amateur is off the air as an am- 
ateur but he’s still in radio as a professional. And 


Follow the leaders to 


. ° A otf: 
wherever he is...in the army, navy and marine 5. rt: 


ace 


corps...in the great electronic laboratories and 


factories ..he’s still using Eimactubes. qu B E 5 


» EITEL-McCULLOUGH, Inc., SAN BRUNO, CALIF. 
aa Plants at: Salt Lake City, Utah and San Bruno, California 


Export Agents: FRAZAR & HANSEN, 301 Clay Street, 
San Francisco, California, U.S. A. 





Eimac 250T 
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excess of those required to damage in- 
strument steel pivots. This is because the 
glass jewels are specially designed for 
this application. 

Following inspection and before ship- 
ment, all jewels are cleaned in three posi- 
tions in a special watch-cleaning machine 
and spun dry for five minutes between 
each position. 

Two sizes of glass vee jewels are now 
available; diameters of 0.051 and 0.076 
inch. General Electric is an approved 
source of supply—Navy Department, Bu- 


reau of Aeronautics. 

Publication GEA-4134, available from 
General Electric at Schenectady, gives 
specifications and ordering information to- 
gether with suggestions for press setting 
the jewels. 


G.E. “LECTROFILM”’ 

Lectrofilm, a new synthetic dielectric 
material for capacitors, developed after 
several years of General Electric labora- 
tory research, and made of materials avail- 
able in the United States, has been an- 
nounced by the Company. 

Lectrofilm, the development of which 
was hastened by the growing shortage of 
high-grade mica, can be best applied to 














Ingenious New 


Technical Methods 


Presented in the hope that they will 
prove interesting and useful to you. 





Beryllium Copper Bites Into Steel 


It is an old saying that when a dog bites a man it is not 
news, but when a man bites a dog it is news. That being 
the case, it is certainly news when copper bites into steel. 
Copper is, of course, one of the softer metals bit when 
2 percent beryllium is added to copper, its c’xaructer- 
istics are changed. The alloy is heat treatable which ex- 
plains the remarkable strength and hardness. Hit a 
chisel made of Beryllium Copper with a hammer and it 
will bite into steel without dulling the edge. Tools made 
ot Beryllium Copper are non-sparking and therefore are 
used in ordnance plants, oil refineries and other places 
where explosions may occur from sparks off steel tools. 
Tensile strength as high as 200,000 Ibs. psi can be ob- 
tained with Beryllium Copper; hence, it is used for many 
applications where resistance to high loading and im- 
pact fatigue are important, such as airplane motor bush- 
ings. Most of the critical springs and diaphragms used 
in aviation, Navy and Signal Corps instruments are made 
of Beryllium Copper because of its reliability as a spring 
material. 


We hope this has proved interesting and useful to you 
just as Wrigley’s Spearmint Gum is proving useful to 
millions of people working everywhere for victory. 


You can get complete information 
about these tools from the Beryllium 
Corporation, Reading, Pennsylvania. 
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Man has tried for ages to redis- 
cover the art of hardening cop- 
per. Today this can be done by 
adding to copper a small per- 
centage of beryllium. 

















Not only does if produce an al- 
loy harder than tempered steel, 
but one that does not produce 
sparks, an essential when work- 
ing near highly combustible 
materials. 


X-64 
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the manufacture of most radio-frequeney, 
blocking and by-pass, fixed capacitors } 
used in communications and other eleg. 
tronic equipment. The new product has 
a greater combination of desirable prop. 
erties than was previously available in an 
one dielectric material. It is available jg 
both rolls and sheets and can be used ig 
present capacitor production lines with 





very little change in equipment or method 
ot manufacture. 

In addition, lectrofilm’s strength and 
flexibility make it well-suited to automatic 
methods of manufacture. The careful 
control used in. its production, together 
with its chemical stability, assure uniform 
properties and freedom from defects, 
Furthermore, it requires little grading or 
sorting before being placed into a capaci- 
tor production line. 











This Month 


[Continued from page 44] 


rials, methods of tests, dimensions, defi- 
nitions of technical terms, procedures, ete. 

One important phase of the work built 
up during the 25 years that the ASA has 
been in existence, is in the field of safety 
engineering. The new list includes 9 
safety standards. 





BOOK ON “SMALL RADIO”’ 


Small Radio, Yesterday and In The 
World of Tomorrow, titles an impressive 
book on that subject and on the vast 
strides of electronic development during 
the past two years which is now being 
issued by the Emerson Radio and Phono- 
graph Corporation. 

In the several chapters of the attract- 
ively bound volume, Benjamin Abrams, 
president of Emerson, traces the evolu- 
tion of small radio from the early midget 
designs of 1928 up to the last compact 
models which were produced in 1941, He 
reviews not only the types and styles of 
receivers which captured public fancy dur- 
ing the thirteen-year stretch, his observa 
tions on merchandising and trade and con- 
sumer trends are perhaps even more it- 
teresting and constructive. 








REPS MAKE PLANS 





At the November meeting of the Mid- 
Lantic Chapter of “The Representatives 
[Continued on page 63] P 
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History of Communications Number One of a Series 


A FORERUNNER OF MODERN COMMUNICATIONS 
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MODEL 
1700-UB 


sien 








One of the first known channels of message carrying was by runner, and 
annals of Grecian and Phoenician history describe the nimble lads who 
firmly grasped rolls of parchment and sped hither and yon. Clad in typi- 
cal running gear of the period, they covered amazing distances with 
almost incredible speed. That was the forerunner of today’s modern com- 
munications where scientific electronic devices are “getting the message 
through” on every war front. Universal Microphone Co, is proud of the 
part it plays in manufacturing microphones and voice communication 
components for all arms of. the United States Armed Forces, and for the 
United Nations as well. Other drawings in the series will portray the 
development of communications down through civilization and the ages 
to the modern era of applied electronics. 


< Model 1700-UB, illustrated at left, is but one 
of several military type microphones now avail- 
able to priority users through local radio jobbers. 


UNIVERSAL MICROPHONE CO., LTD. 


INGLEWOOD, CALIFORNIA 





EOREIGN DIVISION: 301 CLAY STREET, SAN FRANCISCO 11, CALIFORNIA ~ CANADIAN DIVISION: 560 KING STREET WEST, TORONTO 1, ONTARIO, CANADA 
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Want Complete Blackout and 
Fully Wluminated Jewel? 


| EW efficiency has been designed and built into 
x the new No. 85 DRAKE Shutter Type Assem- 
bly! Now, for the first time, a 90 degree clockwise 
turn made easy by a sure-grip knurl, brings COM- 
PLETE blackout . . . a 90 degree counter clockwise 
turn FULLY illuminates jewel. (Same rotation as 
aircorps part #42B3593). This new No. 85 is, we 
believe, the ONLY Shutter Type Assembly without 
a central pilot hole that permits light leakage. A 
firmly locking, slip-fit bezel is instantly removable 
without tools, for easy lamp replacement. It has the 
same general specifications and is interchangeable 
with our No. 80 Polaroid Type Assembly. 


Do you have the newest Drake Catalog describing 
the No. 85 and other new Drake patented products? 


Ske, NO. 85 “aybe" 


N3 


fen) 














PILOT LIGHT ASSEMBLIES 





DRAKE MANUFACTURING CO. 


1713 WEST HUBBARD ST., CHICAGO 22, Mee. A. 








-WANTED 


Small Stampings— 
Special Terminals— 
Soldering Lugs— 

Precision Washers 


up to % O.D. 


Manufactured to Your Specifications 





Large Tool Room Facilities 
plus 20 Years Experience Insure 
HIGH GRADE STAMPINGS 
QUICK DELIVERIES 


on Medium and Large Quantities 





DIEBEL DIE & MFG. CO. Phone: WELlington 4202 





3656 N. Lincoln Ave. CHICAGO 13, ILLINOIS 
RCI eieammemnmmmamemeane rte 











D-C Amplifier 


[Continued from page 21) 


rangement of Fig. 2, or, better still, by 
a differential ammeter as in Fig. 7, 

Now imagine a voltage to be applied, 
The plate current of tube 7 will in. 
crease, that of tube 2 will decrease 
(see Fig. 4). Presently tube 2 will 
reach cut-off, while the current in tube 
1 goes on increasing. Eventually, this 
will level off to a final value. 

If the difference in currents jg 
plotted, we have the curve of Fig. 5, 
If we draw this curve using a logarith- 
mic scale for the volt scale, it may take 
the form of Fig. 6, provided the resis. 
tors have been correctly chosen. The 
plate resistor of tube 2 has been elimi- 
nated. 

Fig. 7 (A) shows a multiple arrange- 
ment similar to Fig. 3, and (B) the cur- 
rent plots. The range of this multiple 
circuit is no wider than that of the 
circuit of Fig. 3, but the response ap- 
proaches the logarithmic law more 
closely. In order to obtain a wide 
range, either arrangement must appear 
twice (or as many times as desired) 
in the complete circuit. 


The Complete Amplifier 


The complete circuit in the form 
used experimentally is shown in Fig. 8. 
It includes two “differential units” like 
that of Fig. 3, one of which receives 
the full applied voltage, while the other 
receives only 3% of it. The second 
unit has no appreciable effect on the 
reading until the applied voltage 
reaches sizeable values. The operation 
of the entire device may be summarized 
by stating that those tubes which con- 
tribute more to the overall gain (or 
have more stages following them) 
“drop out” first. 

The switching arrangement S of Fig. 
8 is designed for calibration purposes. 
If it becomes necessary to change 
tubes, the switch S is opened and the 
input is short-circuited. Under these 
conditions the reading should be zero. 
If it is not, potentiometer P, is ad- 
justed for zero reading. Then the 
switch S is closed; this may cause the 
meter to read a slight current. Po- 
tentiometer P, is now adjusted until 
the reading is again zero. 

If the zero is adjusted in this way, 
the instrument is surprisingly un- 
affected by tube changes. No error in 
the calibration was detected even with 
very poor tubes. If the tubes are not 
changed no apparent “drift’? occurs 
over long periods. So far as stability 
is concerned, the instrument is highly 
satisfactory. 

The deflection vs. input - voltage 
curve of the amplifier, as shown in 

[Contimued on page 54] 
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Here is the RACON MARINE HORN 
Speaker used on many bombers 
and navy vessels. Approved by the 
U. S, Coast Guard, formerly the 
Bur. of Marine inspection, Dept. of 
Commerce, Several sizes available, 
Stormproofed, of the reentrant 
type, suitable for indoor or out- 
door use—may be used as both 
speaker and microphone, 





RE-ENTRANT TRUMPET; | avail- 


able in 314’, 41%’ and 6’ sizes. 


Compact, Delivers highly concen- 
trated sound with great efficiency 


over long distances, 








* JANUARY, 


There are many types of dog—and loud speakers. 
There’s as much difference between a champion and 
mongrel. RACONS and I, we’re Champs! We’re both out- 
standing, rugged, dependable, efficient—pure-bred from 
date of conception. 


It’s not the external appearance of a dog or loud speaker 
that counts. For example, several other makes of loud 
speaker outwardly look something like RACONS. But 
there the similarity ends because in engineering design, 
workmanship and use of quality materials, RACONS are 
the “tops’’. 


Only RACON makes a complete line—a speaker for 
every conceivable sound distribution application. Only 
RACON Speakers can supply patented Stormproof, Weath- 
erproof Acoustic Material which is impervious to any 
weather condition and prevents resonant effects. And 
RACONS deliver greater output per watt of energy input, 
assuring greatest efficiency and economy. 


Army, Navy and other Military Services, also leading 
shipyards and war plants use many types of RACON 
Speakers and Driving Units. Specify RACONS for your 


next sound installation. 


RACON ELECTRIC CO. 52 E. 19th St.,N. Y. 
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D-C Amplifier 
{Continued from page 52) 

Fig. 8, is that of Fig. 9. The meter 
scale is reproduced in Fig. 10. The ac- 
curacy would be improved by the use 
of a longer scale. This presents no 
mechanical difficulty if a differential 
meter is employed in place of the 
bridge device of Fig. 8, as such a meter 
would be relatively insensitive (a large 
wall-type milliammeter would do). 


Conclusion 

A type of d-c amplifier, particularly 
suitable for measurement purposes, 
eliminating the need for “range selec- 
tion” over a 1000-to-1 range, has been 
described. The amplifier includes two 
twin-triode tubes: which go “out of 
action” in a certain order, with the 
result that the overall gain is, approxi- 
mately, in inverse ratio to the input 
voltage. This causes the output circuit 
meter deflection to be approximately 
proportional to the db level of the in- 
put voltage over a wide range. 

The logarithmic law may be ap- 
proached to any desired degree by 
using a greater number of tubes in 
each “unit” of the instrument. The 
number of “units” used is the factor 
influencing the “range” of the instru- 
ment. 

The amplifier was found to have 
good stability. A simple “zero adjust- 





’ ment” operation resets the instrument 


whenever a tube is replaced. 





Using Determinants 


[Continued from page 30] 


PRACTICAL EXAMPLE 

Consider the hypothetical circuit 
shown in Fig. 2, and let it be required 
to find the values of the currents /,, J, 
I., I4, Ts and J}. 

We may reduce the number of un- 
knowns because of the following rela- 
tionships, namely 


=e - I; 
Iz; = 1, — 1s 
Is 1, — I 


Setting up the Kirchhoff equations in 
the usual manner, we obtain our simul- 
taneous equations 


7l,; — 31, — 41, = 10 
(13) 0 + 24,+ 5/4, = 10 
31; — 11, + 64, = 0 


To solve these equations not only 
systematically but also quickly, we use 
determinants—and in this case we fol- 
low Cramer’s Rule. We set up our com- 
mon denominator by simply copying 
all the coefficients from the left side of 
the equation exactly the way they ap- 








pear. Notice that for ease in copying 
the coefficients we place a zero in the 
equations for all unknowns that do not 
appear, as shown in the second equa. 
tion. We have thus 










7 
(14) 4=] 0 
3 


Amb 


| 
Z 
—11 





Next, in solving for /; we replace the 
coefficients of J, in (14) (1.e., the first 
column) by the corresponding constants 
from the other side of the equations, 
and divide the new determinant by 
(14). Thus, 












10 —3 —4 
(15) =) wh 2 517+A 
0-11 6 a 





Similarly, we have for J, and J, 







7 w-4 

(16) Lh=]0 10 5]7+4 
; 6 6 
, — | 

(17) Fe 2 10]+4 
_ a 












In evaluating, we start from (14) 
since it appears in every subsequent 
equation. Two methods are applicable 
here: either expansion by minors of 
the mechanical expansion (discussed 










[Continuea on page 58] 
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Moves To New Quarters ..... 


The Editorial, Circulation, Advertising and Business | 
Departments of RADIO Magazine will be located at 


342 MADISON AVE., NEW YORK 17,N.Y. 


on and after Jan. 28, 1944. The new telephone | 
number will be Murray Hill 2-1346. 


















general correspondence should be sent to: 






All advertising orders, engravings—all subscription orders or 
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RADIO MAGAZINES, INC. 
342 MADISON AVE. 
NEW YORK 17, N. Y. 
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Centradite is particularly recommended for Ke)’, THERMAL 


coil forms where thermal expansion must be 
low to prevent undue change in inductance. 























aa ; At 20-600°C thermal coefficient of expan- EXPANSION 
licable sion is 3.1 x 107° as compared to 8.3 x 10-° 

rs oF at 20-800 °C for Steatite. x 

~ussed 


Centradite can be supplied in various shapes 


by extrusion or pressing. HIGH RESISTANCE 
=—=—— Centradite due to its resistance to heat shock, 


lends itself to a new process of soldering ice) HEAT -)  LO1e 4 


metal to ceramic, whereby the cerami¢ surface 
is metallized to permit soldering. + 


We invite inquiries regarding the future 


uses which may fit your applications. Re)’, te) cehj)ib 4 
* 





BODY NO. 400 DESCRIPTION OF MATERIAL 









De 20-100 rc 1.9x1 O~* Thermal coefficient of expansion per 
- 20-600 °C 3.1x107 degree Centigrade 
13,000 Ibs. Modulus of rupture in Ibs. per sq. in. LOW LOSS FACTO R 
e 5.4 Dielectric constant 
E. 3.00 or less. Dielectric loss factor 
s Class ‘'L3"’ or better Grade per American Stand. C 75.1-1943 | 
‘ Zero to .007 % Porosity or moisture absorption 


White Color of material 








co Divisi n of GLOBE-UN ON IN! | cukee 





PRODUCERS OF VARIABLE RESISTORS ... SELECTOR SWITCHES — CERAMIC 
CAPACITORS, FIXED AND VARIABLE... STEATITE INSULATORS 
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NINTH EDITION 


Revisions in this edition adapt it even better than ever before for war-training and general use; contains 
added and simplified theory in the simplest possible language; added test equipment which can be 
home- or field-constructed; and a review of mathematics for solving simple radio problems. 


More than 600 pages; durably clothbound; goldstamped. Get it from your favorite dealer, or direct 
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- Using Determinants 
[Continued from page 54] 


above). We shall use the former sing 
it is a more general method and sing 
the latter needs no illustration. Thus} 
expanding by minors we are to choo 
any column or any row and subsequen, 
ly multiply each element of that choig 
by its minor. It is always best to choo 
that row or column, which has mog 
zeros in it. Very often new zeros may 
be introduced by using property (7) 
but that is not the case here. A gog/ 
choice here would be either the firy 
column or the second row. Using th 
first column, we have 


—3 —4 a 5 a 
aa Aa=lo 2 5 =7|i 6(—0+3] om 
3—11 6 








| Now expanding the second-order d& 








terminants, we obtain 
A = 7[2X6—(—11) X5 
4+-3{(—3) X5—2x a 
— 7X67 + 3X (—7) = 469—21 = 448 


Proceeding in exactly the same way bit 
omitting the intermediate steps, w 
have for J;, J, and /, 
by (15) J; = 1290 + 448 = 2.88 am 
by (16) J, = 690 + 448 = 1.54 am 
by (17) I, = 620 + 448 = 1.38 am 
We obtain the values of the othe 
currents from the relationships betweer 


| them, as was shown before 


I, = I, — 1, = 2.88 — 1.54 = 1.34 amg 
I; = 1, — iy = 1.54 — 1.38 = 0.16 am 
I; = I, — I, = 2.88 — 1.38 = 1.50 any 


With minimal practice many of thes 
steps can be carried out mentally ani 
so this process becomes really speedy 
With many equations in only two ut 
knowns it is possible to obtain the solt- 
tion entirely mentally. 








Class C Amplifiers 
{Continued from page 35| 


by the number of intervals in a com 
plete cycle. 





1727 X 2 
Power output, P, = ————— = 96 watt 
36 
73.2 X 2 
Driving power = — = 4.1 watts 
36 


8) The impedance of the tank af 
cuit 1s, 
(E, — Emin)? 
A= oma 
2P. 
(1500 — 140)" 


2 X 96 





= 9650 oh 


The inductance and capacity ft 
|Continued on page 60] 
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» Choo This is illustrated in Fig. 4. A lapel | .,., PARTS manufactured ex- 
sequent. actly to the most precise 
t choice specifications. 

> Choos Long manufacturers of com- 











ponent radio parts, MERIT 
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skilled operators with the 
most modern equipment. 


MERIT quickly established 
its ability to understand 
difficult requirements, quote 
intelligently and produce in 
quantity to the most exact- 
der de | ing specifications. 
Transformers—Coils—Re- 
actors—Electrical Windings 
of All Types for the Radio 
and Radar Trade and other 
Electronic Applications. 


i. ATA 


Fig. 4. Image formation | =i i ae oe 
ae 


88 amy | Since 1924 iin: 
* a emblem suspended near the center of | MERIT COIL & TRANSFORMER CORP. 
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1e othe curvature of the mirror appears hang- 311 North Desplaines St. ol oy \clo mama 


betwee’ ing in the air about two feet in front | 
of the mirror and so real that one feels 
like touching it. One can put his finger 
1.34 any through it and find nothing but thin air. 
).16 amp | 
1.50 am’ GERMAN TECHNICAL BOOKS 


+ eh * Many foreign technical books are | 
of thet now being published in this country | 3K 
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waves, Strutt on vacuum tubes, Born 
on optics, and Vilbig on high-frequency 
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fank cif [Continued from page 16] ° e — 
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move the plugs in a single operation 
became excessive, due to the multiplied 
jack-spring tension. By turning down 
the knob portion of the plug to a pin 
650 ohm outline, this difficulty was overcome. 
The result was highly successful, the p> 4 TR DAY FN T A DP 
city tt test operation being handled with ease 
by a girl operator. 
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quality perform- 

ance for which all 

Dumont Electroly- 

tic Tubulars have 

a reputation. 


BUY BONDS 


SELF HEALING 
LONG LIFE 
ECONOMICAL 
VARNISHED TUBES 
DOUBLE SEALED 
SMALL SIZE 

FULLY GUARANTEED 


Patent Pending 


DUMONT 
ELECTRICCO. 


MER'S OF 
CAPACITORSFOR EVERY REQUIREMENT 


34 HUBERT STREET 
NEW YORK, N. Y. 


WITH 
THE 
NEW 






































| practical design of an amplifier. 
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[Continued from page 58] 


quired to obtain this impedance at the 
frequency of operation are, 





21 
= —— = 
27fQ 
9650 
= =64 X 10° henrys 
6.28 X2X10°X 12 
= 64 microhenrys 
1 
C= — = 
47° f*L 
1 


— -- —=99 X 10° farads 
39.5X4x 10" X 64X10 

= 99 micromicrofarads 

A number of other factors besides 

those determined here, such as neu- 

tralization, coupling systems, driving 

stages, etc., must be considered in the 


discussions which take these into ac- 
count, the reader is referred to the 
bibliography. 
Conclusion 

It should be pointed out that the 


| method of analysis presented here is 


one of several which are available for 
design of Class C stages. This method 
has the worthwhile advantage that it 
is exact. Its accuracy is limited only 
by the degree to which the tube 


For 





characteristics will follow the constant 
current graph, and by the p of the j 
tube used in the grid bias formula, 
The great disadvantage is that the 
required calculations are laborious, 
This is particularly true if the first 
calculation does not yield the desired 
results and a re-calculation is required 
with different parameters. Other avail- 
able methods are generally simplified, 
Since these are sufficiently accurate 
for most practical purposes, and are, 
in general, less time consuming, the 
reader will probably wish to study 
them before attempting a design prob- 
lem. References are included in the 
bibliography. 
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Using Slide Rule 


[Continued from page 42] 


factors become ‘functions of angles in 
the first quadrant. This should not be 
hard for a man who knows his sine 
waves. 

In the case of most slide rules, the 
equation will have to be expressed in 
sines only. 

Example: To find the great circle 
distance from New York (41.5 N 74 
W) to London (51.5 N.00 L). 


The equation becomes 


tion. 


Gag 


and 


¢ Astatic Co-axial Cable 
Connectors for radio com- 
munications equipment are 
precision manufactured to 
meet rigid army and navy 
specifications and the high 
standards of operating ef- 
ficiency demanded by 
leading manufacturers, In- 
quiries given prompt atten- 












































cos d = sin 41.5° sin 51.5° = 
++ cos 41.5° cos 51.5° cos 74° 


For purposes of the slide rule, the 
cosines have to be expressed into the 
sines of their complements 


cos d = sin 41.5° sin 51.5° 
a wae F 
+ sin 48.5° sin 38.5° sin 16 
— 


Align the right and left indices of the 
slide with that of the stock, set indi- 
cator at 41.5° on the S scale, move 
right index to indicator. Set the indi- 
cator to 51.5° on S scale, read .519 on 
A scale. 


Align the indices again, set indicator 


to 48.5° on the S scale, move index to 
indicator, set indicator to 38.5° on S, 
move index to indicator, set indicator 
to 16° on S, read .129 on A scale. 


Adding: .519 + .129 = .648 = cos d 


Opposite .648 on B read 40.5 on S 
scale. Therefore, d = 90° —40.5° = 
49.5°. To find statute miles one multi- 
plies this by 69.05; the result is 3420 
miles, approximately. 

In cases where the direction is de- 
sired as well, as in determining the 
orientation of directional antennae, it 
is necessary to make a complete solu- 
tion of the spherical triangle. This is 
done by Napier’s Analogies and Gauss’s 
equations. 
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Nomographs 
{Continued from page 37] 


Any line across the nomograph, such 
as L, then connects corresponding val- 
ues of E, W and C. Since these are 
logarithmic scales, the graduation may 
be rapidly carried out by determination 
of a pair of values by calculation, then 
by striking in as many intermediate 
values as desired by means of projec- 
tion from a standard log scale, as illus- 
trated in the previous article. 


Sum of the Reciprocals Equation 


Another useful type of equation is of 
the form: 


which is recognized as the “sum of the 
“sum of the reciprocals” equation. The 
formula for the equivalent capacity Cs 
of two capacitances C, and C, may be 
written : 

1/Cs = 1/0, + Cs 


or, 
Ci C2 





Co = 


Coe Oe 


and proper manipulation will yield the 
working determinant: 







4 


SiB 0 1 =-0 
S:4 S.A 1 
0 SSC 1 


Consideration of this determinant ip. 
dicates that the B and C scales must be 
at right angles, while the A scale is in. 
clined to them at an angle determined 
by the magnitudes of the scale factors, 
Moreover, all terms become zero at the 
same time and so the scales must all 
pass through a point. 

If we apply the determinant to the 
capacity formula mentioned above, let. 
ting 


Ci vary from 0 to .0014 
C2 vary from 0 to .0014, 
and setting S: = S’s = 5000 


we see that the Cy, scale is equidistant 
between the C, and C, scales, as illus. 
trated in Fig. 10. 

We now write the working determ-. 


inant: 


5000 Cx 0 1 0 
5000 Cs 5000 Cs 1 
0 5000 C2 1 


The nomograph is rapidly graduated 
for intermediate values since all three 
scales are linear. To use the nomo- 
graph, a straight line, such as L, is 
drawn intersecting the three scales, and 
the points of intersection determine 
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‘values of capacity which satisfy the 
original equation. 

Since two resistors in parallel may 
be calculated by the same form of equa- 
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